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PREFACE 


The present volume—the sixth—completes this series on “The Essential 
Oils.” Like the third, fourth, and fifth, it is composed of monographs 
describing individual oils. Many of these will be of particular interest to 
the pharmaceutical, flavor and perfume industries: wintergreen, sweet 
birch, valerian, mustard, onion, hops, wormseed, juniper, labdanum and 
oak moss—to name only a few. A large section of the volume is devoted 
to the pine oils, so valuable to manufacturers of soaps, disinfectants, sprays, 
bath and other scented technical preparations. An authoritative and 
detailed chapter, by Dr. Leo Goldblatt, deals with the turpentine and related 
oils of the American Naval Stores Industries. 

As was pointed out in the Prefaces to previous volumes, the monographs 
on individual essential oils are not arranged according to any complete 
taxonomic system, but follow a sequence considered more convenient for 
practical use. However, to satisfy the botanist, a table showing the tax- 
onomic classification of all the essential oils described in these six volumes 
has been included at the end of the present volume. 

In addition to the oils treated in this series there are many more that 
have been produced on a purely experimental scale during the last fifty or 
hundred years. However, much of the information on such oils, particu- 
larly that relating to plant origin, is confused and contradictory. No pur- 
pose would have been served by including these little-known and often ill- 
defined oils in this work, in which emphasis has been placed upon oils of 
technical and scientific importance, and upon reliability of data. Any 
reader interested in oils of such secondary rank will find the literature on 
them in the third (German) edition of Gildemeister and Hoffmann’s “Die 
Atherischen Ole” (1928-31); for later information Chemical Abstracts 
should be consulted. 

The completion of “The Essential Oils” has required more than twenty 
years of field investigations throughout the oil-producing regions of the 
world, and ten years of literature research, editing and writing. Much 
effort and toil have been expended on a task made difficult not only by the 
continuing rapid progress of chemistry, but also by the profound economic 
changes that have taken place recently in the essential industry throughout 
the world. A work originally planned to comprise no more than three 
volumes has now grown to six—an enterprise of some magnitude for one 
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private concern to have undertaken, particularly in a time of economic and 
political uncertainty. Mounting costs of research and publication—most 
unfortunately for science and technology—may deter any future attempt 
to publish a comparable work in so relatively limited a field. It seems 
not unlikely that in the future comprehensive scientific and technical 
works on the scale of “The Essential Oils” will have to be compiled: by 
foundations supported financially in a large measure by the particular 
industry concerned. This should by no means be taken to imply that the 
present series is the accomplishment of only one individual. It represents 
& joint effort; as such may it be accepted as a sincere endeavor to present 
the complete story of those interesting, widely important, and often highly 
romantic products—the essential oils. | 

ERNEST GUENTHER 
New York, N.Y. 
March, 1952 


NOTE 


All temperatures given in this work are expressed in degrees Centigrade 
unless otherwise specified in the text. 
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OIL OF WINTERGREEN 


Essence de Gaultheria Acette Esencial Wintergreen (Gualtena) 
Wintergriinsl Oleum Gaultheriae 


Wintergreen is one of the oldest and best-known American flavors. Its 
strong, characteristic taste was familiar to the Indians, who chewed the 
leaves for their agreeable odor and flavor. Early French explorers, follow- 
ing the course of the great central rivers in Indian canoes, probably learned 
from the American aborigenes how to employ wintergreen in hot infusions. 
As a result of such use, the leaf came to be known as “Thé du Canada.” 
It is recorded that during the American War of Independence, leaves of 
wintergreen were often substituted for Chinese tea. 

Botany.—Gaultheria procumbens L. (fam. Ericaceae), is an aromatic 
evergreen plant, with an underground or creeping stem that produces 
branches not exceeding 6 in. in height, the lower part smooth and naked, 
while near the ends are borne crowded clusters of evergreen leaves. These 
are alternate, short (1 to 1% in. long), of varying width, shiny dark green 
above and lighter in color on the under side. Solitary white flowers appear 
in July and August. The red, spicy, globular berries ripen in the fall, and 
sometimes remain on the plant until the spring. All parts of the plant, but 
particularly the leaves, are aromatic. 

Wintergreen prefers sandy soil, in cool, damp woods, and thrives in the 
shade of shrubs and evergreen trees. It grows in large beds on mountainous 
tracts, as well as on dry, barren plains. The wild plant invades abandoned 
farmland, remaining on the borders for as many as twenty years. Winter- 
green occurs in Canada and the northeastern United States. Its range 
extends from Newfoundland, Manitoba, and Minnesota to Georgia and 
Alabama. The chief producing area lies in eastern Pennsylvania, particu- 
larly Carbon County. 

Collection of Plant Material_—The plant is collected by hand, a very 
tedious task. Kneeling on the ground, the harvesters “clean” the soil of 
foreign matter—fallen leaves, branchlets, etc.—with a small, wooden rake, 
until a patch of wintergreen stands free. The leaves are then picked and 
collected in sacks. It is not easy to obtain the labor necessary for such 
tiring tasks, which entail stooping and crawling for hours through the woods. 

At the end of a year, the plant has developed new leaves, which can be 
gathered again. Collection of the leaves stops with the coming of winter, 
when the plant is dormant, and contains little essential oil. Besides, the 
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cold, frost, and snow make that type of work impossible in northern forests. 
The best time for harvesting is from June to September, when the leaves 
give the highest yield of oil. This period also coincides with school vaca- 
tions, so that young labor is available for the work. The low prices for 
leaf material do not as a rule attract male labor, except, perhaps, for the 
fact that a harvester can work as he pleases. When prices are low, dis- 
tillers may have difficulty procuring sufficient plant material. 

Distillation.—At one time, many small distilleries were distributed 
throughout the producing areas; lately, however, the picture has changed 
considerably, and only a few distilleries remain. Competition from syn- 
thetic methyl] salicylate, low prices for the natural oil, and the shortage of 
labor, have all operated to discourage many distillers. 

Most of the stills are surprisingly primitive, only a few being of more 
modern construtcion. All are heated by a direct wood fire. The stills are 
charged with plant material through a manhole on top. The bottom of the 
retort being enclosed in the fire hearth, the exhausted material must be 
forked out through the top manhole, which makes operations awkward, and 
consumes a good deal of time. 

Sacks of fresh leaf material are weighed immediately after arrival, in 
order to settle questions of payment with the collectors. The leaves should 
be distilled as fresh as possible. They may, however, be stored as long as 
two weeks, provided they are carefully spread out to dry. Wet leaf ma- 
terial tends to ferment; it may spoil, or give a low yield of oil, which 
obviously must be avoided. 

For a special reason, however, it is necessary to submit the leaf material 
to intentional fermentation, by maceration in warm water, shortly before 
distillation. Such fermentation causes splitting of the primeveroside of 
methyl salicylate (also known as monotropitin or monotropitoside) and 
frees the methy] salicylate, chief constituent of oil of wintergreen. Methyl 
salicylate does not occur in the plant in free form, but as glycoside. Ac- 
tually the plant contains very little volatile oil, and only after splitting of 
the glycoside under the influence of the enzyme primeverosidase can appre- 
ciable yields of oil be obtained. A simple test will demonstrate this fact: 
a wintergreen leaf is almost odorless, but on chewing (action of enzyme on 
the glycoside!) the characteristic odor and flavor of wintergreen (methyl 
salicylate) will be noticed. The reaction that takes place may be illus- 
trated as follows: 


E 
Monotropitin ey Methy] salicylate + Primeverose 


Distillers charge the plant material into the still, cover it with warm 
water of about 120° F., keep the mass at this temperature overnight, and 


1Cf. the monograph on “Oil of Sweet Birch,” in the present volume, p. 11. 
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start distillation the following morning. Distillation of one batch takes 5 
or 6 hr. The distillate separates in a Florentine flask into a layer of essen- 
tial oil, heavier than water, and a lighter layer of milky distillation water, 
which is returned into the still for cohobation. As the operation proceeds, 
the distillation water becomes increasingly clear, so that finally it contains 
no more suspended oil; this indicates the end of one operation. Distilla- 
tion is then discontinued, the manhole on the still head opened, the ex- 
hausted leaf material forked out, and a new batch put in. The residual 
water is left in the still for the next operation. The stills are, in fact, 
cleaned only once a week; during the height of the season, they may be 
cleaned only once every three or four weeks. Consequently, the residual 
waters, containing all the accumulated products of fermentation cleavage 
(sugars, etc.) remain in the still, undergoing repeated heating and decom- 
position. It is not surprising that these waters assume a deep brown color 
and an empyreumatic odor—which may partly account for the peculiar 
smoky odor of genuine wintergreen oil. 

Yield of oil is influenced by several factors—season of harvest, condition 
of leaf material, presence of foreign matter such as sand, twiglets, ete. 
Highest in summer, the yield declines toward autumn, and decreases 
sharply in winter. One hundred pounds of leaves and short stems yield 
from 8 to 9 oz. of oil; plants with longer stems give only 7 or 8 oz. The 
average yield is 0.66 per cent, or 1 lb. of oil per 150 lb. of leaf material. 
At the height of the season, when the supply of leaves is large, distillers 
sometimes speed up operations by shortening time of fermentation. This, — 
of course, results in an inferior yield of oil. 

Physicochemical Properties.—Genuine oil of wintergreen is an almost 
colorless, yellow, or reddish liquid, of strongly aromatic and very character- 
istic odor and flavor, quite different from those of the somewhat lower- 
priced oil of sweet birch (Betula lenta). The reddish color often noticed 
in the oil is usually due to the presence of metallic impurities (iron). 

Gildemeister and Hoffmann? reported these properties for oil of winter- 
green: 


Specific Gravity at 15°...... 1.180 to 1.193 
Specific Gravity at 25°...... 1.172 to 1.185 
Optical Rotation........... —0° 25’ to —1° 30’ 
Refractive Index at 20°..... 1.535 to 1.536 
Keter Number............. 354 to 365 
Ester Content, Calculated as 
Methyl Salicylate........ 96 to 99% 
Solubility at 20°............ Clearly soluble in 6 to 8 vol. 
of 70% alcohol 


2‘Die Atherischen Ole,” 3d Ed., Vol. IIT, 580. 
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Numerous lots of genuine wintergreen oil examined by Fritzsche Brothers, 
Inc., had properties varying within the following limits: 


Specific Gravity at 25°/25°......... 1.177 to 1.180 

Optical Rotation. ................. —0° 8’ to —0° 20’ 

Refractive Index at 20°............ 1.5350 to 1.5362 

Ester Content, Calculated as Methyl 

Salicylate......... ccc ccc cee eens 98.0 to 99.9% 

Heavy Metals Test................ Usually positive in the crude 
country oils 

Solubility cision sav sins scar eiands Soluble in 5.5 to 7 vol. and more 
of 70% alcohol 


The traces of metals often present in the country oils can easily be re- 
moved by treatment with tartaric acid in the usual way (cf. Vol. 1 of the 
present work, p. 378). 

For a rapid evaluation of oil of wintergreen by the so-called Alkali Solu- 
bility Test, also see Vol. I of this work, p. 331. 

Adulteration.—Since natural wintergreen oil consists almost entirely of 
methyl salicylate (see below), the oil is frequently adulterated with syn- 
thetic methyl] salicylate. Moderate additions of this ester are most difficult 
to detect. Large additions may result in a slight lowering of the optical 
rotation of the oil (which, however, is already very low in the genuine oils). 
Formerly synthetic methyl salicylate often contained small quantities of 
free phenol, and when identifying phenol in a wintergreen oil the conclu- 
sion could be drawn that the oil had been adulterated with synthetic methyl 
salicylate (for details of procedure, see Vol. I of this work, pp. 315 ff.). 
Today, however, synthetic methy] salicylate is manufactured in such a pure 
state that in most cases it no longer contains phenol. 

Since chemical means are of little avail in proving adulteration, the oil 
should always be submitted to careful organoleptic tests. An expert recog- 
nizges genuine wintergreen oil by a characteristic heavy and smoky note, 
which is lacking in synthetic wintergreen oil (methyl salicylate). 

Chemical Composition.—That oil of wintergreen contains methy] salicyl- 
ate as chief constituent (96 to 99 per cent), was recognized more than a 
century ago by Procter,’ and by Cahours.* As regards the trace substances, 
which occur in the oil and are responsible for the difference in the odor of 
synthetic methyl] salicylate and that of genuine wintergreen oil, they have 
been investigated by Power and Kleber.5 These authors isolated the methyl 
salicylate from the oil by shaking the latter repeatedly with a 7.5 per cent 
aqueous solution of potassium hydroxide. Under these conditions, methyl 

8 Am. J. Pharm. 14 (1842), 211. Lrebigs Ann. 48 (1843), 66 


4 Ann. chim. phys. [3], 10 (1844), 327. Liebigs Ann. 48 (1843), 60; 52 (1844), 327. 
5 Pharm. Rund. (New York) 18 (1895), 228. 
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salicylate forms an easily soluble salt, viz., potassium methyl salicylate. 
Power and Kleber found that only 1.05 per cent of the oil did not react with 
the potassium hydroxide solution and remained as a semisolid mass. The 
following compounds have been reported in oil of wintergreen: 


Methy] Salicylate. The chief constituent, amounting from 96 to 99 per cent of the oil 
(Procter and Cahours). 


Triacontane. The paraffin CyoHes observed in the oil was probably triacontane, as it 
melted at 65.5°. 


An Aldehyde or Ketone(?). When purified through the bisulfite compound, the sub- 
stance in question had an odor reminiscent of enanthaldehyde. On oxidation 
with potassium permanganate solution it gave an acid, whose silver salt had the 
empirical molecular formula CgH,O2Ag. 


An Alcohol(?). The oil also contains traces of an alcohol CsH¢0, b. 160°-165°, which 
corresponds to the above-mentioned ketone or aldehyde. 

An Ester(?). On saponification, this ester Cy,4H2Oe, b. 230°-235°, bes 135°, was hy- 
drolyzed into the alcohol CgH,.O and into an acid, CgH1902, which originated also 
by oxidation of the above-mentioned ketone. The alcohol, as well as the ester, 
exhibited the pronounced characteristic odor by which genuine wintergreen oil 
can be distinguished from synthetic methy] salicylate. 


(Cf. the monograph on “Oil of Sweet Birch,” section “Chemical Compo- 
sition,” p. 15 of the present volume.) 

Total Production.—The entire production takes place in a number of 
small stills scattered over a relatively large section and invariably located 
in rather inaccessible places. Perhaps no more than 1,500 to 2,000 lb. of 
oil are distilled in the northern producing section and several times this 
quantity im North Carolina and Tennessee. 

Use.—Oil of wintergreen is used chiefly as a flavoring agent in candies, 
chewing gums, and certain soft drinks. In medicinal preparations (lini- 
ments, etc.) and in semipharmaceuticals (toothpastes and powders, mouth 
washes, etc.), the natural oil has been replaced largely by synthetic methyl 
salicylate. When applied externally, the oil is absorbed through the skin. 
Internally, it is best administered in emulsion form. An overdose may cause 
degenerative changes in the liver and kidneys. 
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OIL OF SWEET BIRCH 


Essence d’Ecorce de Bouleau Acette Esencial Betula Dulce 
Birkenrindenol Oleum Betulae Lentae 


Betula lenta L. (fam. Betulaceae), the so-called “Sweet Birch,” “Black 
Birch,” or “Cherry Birch,” is a handsome tree, pyramidal while young. As 
it grows older, it often reaches a height of almost 80 feet. The heads are 
narrow and conical. The popular term “Cherry Birch” originated from the 
fact that the smooth, reddish-brown bark, and the leaves, closely resemble 
those of our garden cherry tree. The young bark has an aromatic and 
agreeable flavor, reminiscent of wintergreen. 

Betula lenta L. grows wild in the eastern part of North America, from 
southeastern Canada to Alabama, and as far west as Ohio. It thrives in 
mountainous regions, particularly on steep, rocky slopes. 

The bark and growing tissues of the tree contain an odorless glycoside 
CipH2e0ig (now named monotropitin or monotropitoside,? formerly called 
gaultherin, i.e., the primeveroside of methyl salicylate) which, under the 
influence of the enzyme primeverosidase, is decomposed into methy] salicyl- 
ate and primeverose (6-xylosido-glucose). According to Bridel,? this is the 
same reaction that takes place in the production of wintergreen oil (which 
consists chiefly of methyl salicylate) from the leaves of Gaultheria pro- 
cumbens L.: 


Ensym 
Monotropitin = Methy! salicylate + Primeverose 


Prior to distillation of the oil, the bark of Betula lenta L., therefore, has 
to be macerated in lukewarm water for a certain length of time in order 
to free the essential oil (see below). 

Oil of sweet birch is produced chiefly in the eastern part of Pennsylvania, 
and particularly in the section from Carbon County south to Berks County. 
This is roughly the same region that supplies oil of wintergreen. Another, 
but much less important, producing region lies in South Carolina; the qual- 
ity of the so-called “Southern Oil,” however, is usually inferior to that of 
the “Northern Oil.” The production of sweet birch oil, like that of winter- 
green oil, represents one of the few remaining “homespun’”’ industries, dat- 


1 Monotropitin melts at 179.5°; it can be extracted from the plant material by extrac- 
tion with hot alcohol. 
2 Compt. rend. 177 (1923), 642; 178 (1924), 1310. J. pharm. chim. [8], 8 (1926), 205. 
Bridel and Grillon, Compt. rend. 187 (1928), 609. 
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ing back to colonial days. It provides a meager income to a small number 
of families during slack seasons on the farm. Operators are usually farm 
hands who have a horse or mule and the necessary distillation equipment. 
Investment in the latter amounts to only about 250 dollars per post, most 
of the equipment being homemade. 

The trees are cut during the cold months, from October to April, when 
they are without leaves. Second-growth timber is most frequently used 
for production of the oil, because the branches of the saplings fit best into 
the stills. Moreover, distillation of sweet birch provides convenient dis- 
posal of the sapling growth. In fact, landowners are usually glad to get 
rid of second-growth, the wood being of too poor a quality to be used for 
the making of furniture and agricultural implements. In most cases the 
second-growth occupies land which could support more valuable timber or 
crops. As Hardart® has pointed out, the sweet birch distillers act, in a 
way, as scavengers, clearing valuable land for more profitable growths of 
timber. According to Reinert,‘ areas that have been cropped may be cut 
over approximately every five years, since it requires this length of time 
for young growth to attain sufficient height for cutting. Young growth, 
however, is not the only material used for distillation; occasionally tall trees, 
from 50 to 60 ft. high, are felled. The bark and branches of older trees 
are said to give a better yield of oil than those of younger ones. Trees 
with a dark bark produce more oil than those with a reddish bark. 

The distillation posts are usually located in the center of an area that 
has already been cut over, where sweet birch is the dominant second growth. 
The site should be accessible by road, and near a creek or some other plenti- 
ful supply of water. Often, members of a single household operate the 
stills. According to Ritter,> a crew of two members is required for the 
operation of one still; three men can run two stills located not too far apart. 
A horse or mule is needed to skid green material to the “set” and to draw 
away the waste. A three-man crew divides its time between cutting and 
skidding, chopping poles and brush into proper length, tending the fire, and 
charging and unloading the still. 

The stills or vats resemble large chests, rectangular in shape (6 x 6 X 6 
ft., or 444 « 4% x 9 ft.), and constructed of planking, 2 to 3 in. thick. 
They hold about 2 tons of chipped birch. Some vats are completely lined 
with copper, but usually this high-priced material is used only on the bot- 
tom. The walls are made vapor-tight by tongue-and-groove construction, 
and held together by adjustable bolts. The cover, operated by block and 
8 Nature Magazine $4, December (1941), 553. 


4 American-German Rev. 6 (1940), 30. 
5 J. Forestry 88 (1940), 518. 
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tackle, is sealed with clamps and wire; old automobile inner tubes are 
stretched along the edges as gaskets (Ritter). Because of their construc- 
tion, location, and mode of operation, the stills are not considered good fire 
risks by those entrusted with the protection of forests. A sweet birch still 
is seldom provided with a spark arrester, and at least one man must be on 
duty at the set, watching day and night. 

The glycoside, which yields the volatile oil on hydrolysis, occurs only in 
the bark and growing tissues of the tree. Therefore, it would seem advis- 
able to use for distillation only the peeled bark of young trees. Peeling is 
a laborious task, however, and was abandoned about fifty years ago. Cus- 
tomary practice is to use stems, limbs, and twigs cut into 51% ft. lengths. 
Branches and tops are bound with baling wire into bundles with the diam- 
eter of grain sheaves. The still is firmly packed half full with small ma- 
terial, after which the larger saplings and poles are placed on top to weigh 
down the lighter material. Some distillers reduce the wood to chips. For 
this purpose the young trees, branches, and split wood are placed in a 
trough, and fed into the cutting machine through a hole in the wall. The 
cutter consists of a heavy-spoked cast-iron wheel, usually 3 ft. in diameter, 
to which are bolted two heavy flat knives. It is driven by gasoline, steam, 
or water power. The chips are cut fine, like shavings; the finer the chips, 
the greater the yield of oil. One vat holds about 2 tons of chipped birch 
wood (Reinert). 

After the wood has been charged into the still in the late afternoon, dis- 
tillation water from the previous run is added until the water reaches to 
about 15 in. above the bottom. Then the lid is clamped down and the still 
is heated for about 1 hr. This serves the sole purpose of warming the still 
content to such a temperature that hydrolysis of the primeveroside mono- 
tropitin can take place, gradually freeing the methy! salicylate from its 
odorless, complex precursor. In the evening the fire is banked, the still con- 
tents being kept at a temperature of about 50° C. during the night. In the 
morning the fire is built up again, which marks the beginning of the next 
operation, requiring 5 to 10 hours of actual distillation, at a boiler pressure 
of 40 to 50 lb. The distillate (condensate) comes over as a milky liquid, 
from which the essential oil separates at the bottom of the receiver, as a 
layer heavier than water. The aqueous phase of the condensate remains 
milky, since it still contains small quantities of essential oil in fine disper- 
sion. To recover this oil the aqueous phase of the distillate (locally called 
“low wine”) is returned into the still for distillation of the next batch (see 
above). In other words, the distillation water is cohobated. 

According to Ritter,* &% to 1 cord of birch poles, in addition to almost 


6 Ibid. 
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100 cu. ft. of branch wood, yield about 4 lb. of oil. Reinert* reported a 
yield of 1 to 1% qt. of oil per ton of finely chipped wood. In a day’s work, 
a distillery produces a little more than 1 gal. of oil. 

A disagreeable feature of the operation is the unloading of the still. 
This must be done rapidly, and while the still contents are still hot; other- 
wise the waste material becomes very hard, making removal difficult. Men 
strip to the waist, enter the hot still and tear out the steaming material 
with heavy pitch forks. The man unloading the still must endure the heat 
and fumes of the still, and there is always the danger of a misstep into the 
hot water at the bottom of the still. 

Prior to shipment to essential oil dealers, field producers often filter the 
oil through cotton cloth or other suitable material. Some distillers use 
filter paper for this purpose. 

Physicochemical Properties.—Genuine oil of sweet birch is a pale yellow 
liquid with a characteristic and strong odor and flavor, resembling those of 
methyl! salicylate and natural wintergreen oil (from Gaultheria procum- 
bens). Despite the fact that both sweet birch and wintergreen oil consist 
almost entirely of methyl! salicylate, experts are able to distinguish the two 
oils by odor tests. The difference in odor is a result of the presence of trace 
substances, which have not yet been identified. These substances are less 
pronounced in sweet birch than in wintergreen oil. 

Gildemeister and Hoffmann * reported the following properties for sweet 
birch oil: 


Specific Gravity at 15°...... 1.180 to 1.189 


Optical Rotation........... Inactive (differing from natural winter- 
green oil, which is slightly laevorota- 
tory!) 

Refractive Index at 20°..... 1.5360 to 1.5376 

Ester Number............. 356 to 365 

Ester Content, Calculated as 

Methyl Salicylate........ 97 to 99% 
Solubility..............000. Clearly soluble in from 5 to 8 vol. of 70% 


alcohol, at room temperature 
Boiling Range at 760 mm.... 218°-221° 


Numerous lots of genuine sweet birch oils examined by Fritzsche Broth- 
ers, Inc., New York, had properties varying within these limits: 


Specific Gravity at 25°/25°.. 1.177 to 1.182 
Optical Rotation........... Inactive 
Refractive Index........... 1.5350 to 1.5370 


t American-German Rev. 6 (1940), 30. 
8 “Die Atherischen Ole,” 8d Ed., Vol. II, 486. 
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Ester Content, Calculated as 
Methyl Salicylate........ Not less than 98.5% 
Solubility............00. eee Soluble in 6.5 to 7.5 vol. of 70% alcohol 
and more. Sometimes showing a slight 
hasziness 


The red color occasionally encountered in sweet birch oils received di- 
rectly from producing regions is usually caused by traces of iron. It can 
be removed by treatment of the oil with tartaric acid (cf. Vol. I of this 
work, p. 378). 

For a rapid evaluation of sweet birch oil by the so-called Alkali Solubility 
Test, see Vol. I, p. 331. 

Adulteration.—The remarks on adulteration in the monograph on “Oil 
of Wintergreen” (see present volume, p. 6) also apply to oil of sweet 
birch; adulteration in the case of the latter oil is more difficult to detect, 
however, since both the oil and the synthetic methy] salicylate are optically 
inactive. ; 

Chemical Composition.—More than fifty years ago Power and Kleber °® 
found that 99.8 per cent of the oil which they investigated consisted of 
methyl salicylate. Removing the methyl salicylate from an ethereal solu- 
tion of the oil by means of a 7.5 per cent aqueous potassium hydroxide solu- 
tion, and evaporating the ether, Power and Kleber obtained a semisolid 
mass, which they separated into two components by steam distillation. The 
nonvolatile part consisted of a paraffin CgpHe2, m. 65.5°, probably triacon- 
tane. The steam-volatile component b. 230°-235°, bes ca. 135°, was an 
ester with the empirical molecular formula C,,H»O2. On saponification, 
this ester gave an alcohol CgHi¢0 and an acid CgH1003 (cf. the monograph 
on “Oil of Wintergreen,” section “Chemical Composition,” p. 7 of the 
present volume). 

Using a complicated procedure, Albright ?° arrived at the conclusion that 
sweet birch oil, as well as wintergreen oil and methy] salicylate, contains a 
phenol CeH,OH. His conclusion, however, has never been corroborated 
and must be accepted as extremely doubtful. 

Use.—Oil of sweet birch has the same uses as oil of wintergreen, and may 
be employed as a lower-priced substitute for it. 


®° Pharm. Rundschau (New York), 18 (1895), 228. 
10 J, Am. Chem. Soc. $9 (1917), 820. 
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OIL OF BIRCH BUDS 


The resinous leaf buds of the white birch, Betula alba L., B. pendula 
Roth, B. pubescens Ehrh., B. papyrifera Marsh. (fam. Betulaceae), or 
varieties of them yield from 3.5 to as much as 8 per cent of an essential oil. 
It was first produced by Haensel? at the beginning of the century, and as 
a base of popular hair tonics (“Birkenwasser”’) attained some importance 
in the perfume industry of Germany. Today little if any oil of birch buds 
is produced on a commercial scale. 

Physicochemical Properties.—Oil of birch buds is a yellow, viscous liquid 
with a very pleasant, soft, and balsamic odor. On cooling the oil separates 
crystals and finally congeals to a crystalline mass. Gildemeister and Hoff- 
mann? reported these properties for the oil: 


Specific Gravity at 15°.............. 0.962 to 0.979 

Optical Rotation. ...............06. —2° 0’ to —15° 0’ 

Refractive Index at 20°............. 1.5015 to 1.5045 

Acid Number...............-. cece 1 to 4 

Ester Number... .........0.. cc cece 35 to 77 

Ester Number after Acetylation...... 140 to 183 

Solubility «0.0605 cece es cee edee seven Soluble in 1 to 2 vol. of 80% alco- 


hol; soluble in 0.25 vol. of 90% 
alcohol, occasionally clearly, oc- 
casionally with separation of 
paraffins. On addition of more 
solvent, paraffins will always 
separate 


Chemical Composition.—The following compounds have been identified 
in the volatile oil derived from the leaf buds of the white birch: 


Naphthalene. Treibs * noted substantial quantities of naphthalene in the forerun of 
the oil. 


Betulene. According to the same author,‘ the oil contains about 3 per cent of a sesqui- 
terpene Ci;H24, which he named betulene (cf. Vol. II of the present work, p. 750). 


Betulenene. Aside from betulene, Treibs isolated from the oil another sesquiterpene 
CisHez, which contains three double bonds, and which lends itself readily to 
autoxidation and polymerization. Treibs named this sesquiterpene betulenene 
(cf. Vol. II of this work, p. 750). 


1 Chem. Zentr. (1902), II, 1208. 

2“Die Atherischen Ole,” 3d Ed., Vol. II, 491. 
8 Ber. 71B (1938), 612. 

4 Ibid., 620. 


Google 





OIL OF BIRCH TAR 17 


Betulenol (Betulol). A sesquiterpene alcohol C,;;H,O (for details see Vol. II of this 
work, p. 264). Treibs found 16 per cent of free, and 34 per cent of esterified betu- 
lenols in the oil which he investigated. 


A Compound(?) CisH2sO. Observed in the oil by Treibs,* but not identified. 


Paraffins. Present in the last runs of the oil. Treibs * reported that these paraffins 
melted at 49° and that they have the empirical molecular formula CoH. Petri 
and Haddtek ’ isolated from the oil a paraffin-hydrocarbon CosHse2, m. 53°-54°. 


Use.—As has been mentioned, oil of birch buds was formerly used in 
hair tonics and similar preparations but, to the author’s knowledge, is no 
longer produced in appreciable quantities, collection of the leaf buds 
probably being too costly. 


OIL OF BIRCH TAR 


Essence de Goudron de Bouleau Aceite Esencial Betula Brea 
Birkenteerél Oleum Rusci Rectificatum 


Origin and Production.—Although not an essential oil in the true sense, 
rectified oil of birch tar should be briefly described here because of its 
former importance in the perfume industry. At one time, substantial quan- 
tities of the oil were produced in the northeastern part of Germany, and 
particularly in the Baltic States and adjacent parts of Russia, with Reval 
(Tallinn) in Esthonia as center of production. The oil was used in medi- 
cinal preparations and in perfumery, serving as base for the popular 
“Russian leather” types of odor. Lately, however, true birch tar oil seems 
to have disappeared from the market. Preparations now offered under this 
label consist mostly of pyroligneous oils derived by rectification of the tar 
of all kinds of pinaceous trees (‘‘Rectified tar oil,” Oleum picis rectificatum 
—cf. p. 303 of the present volume). None of these substitutes, however, 
exhibit the characteristic ‘Russian leather” scent of rectified birch tar oil; 
all possess a more or less disagreeable, strongly phenolic odor. 

The National Formulary describes rectified birch tar oil as the pyroligne- 
ous oil obtained by dry distillation of the bark and wood of Betula pendula 
Roth and related species of Betula (fam. Betulaceae), and rectified by steam 


5 Ber. 69 (1936), 41. 
8 Ibid. 
™Coll. Trav. Chim. Tschecoslovaquie 7 (1935), 90. Ber. Schimmel & Co. (1936), 9. 
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distillation. In the actual process the bark of the European white birch is 
submitted to slow destructive distillation, the tar-like product thus ob- 
tained then being rectified with steam. The resultant volatile oil consti- 
tutes the official rectified birch tar oil. It seems quite possible that some 
of the medicinally valuable constituents of the tar are removed by the 
process of rectification. In 1931, von Winkler? in Reval processed birch 
bark completely freed from bast and scab, and repeatedly leached out by 
soaking in water; the bark contained from 12 to 20 per cent of moisture. 
Calculated upon the weight of the bark, the yield of rectified birch tar oil 
was 30.7 per cent. Aside from the volatile oil, von Winkler obtained water 
with varying amounts of acetic acid, methyl alcohol, and acetone, as well 
as combustible gases, carbon dioxide, and coke. The volatile oil (d2o 
0.9443) contained 90 per cent of saponifiable constituents, and 0 per cent 
of compounds insoluble in ether. The ash content of the oil was 0.02 per 
cent. Tested on a blotter for odor, the oil first exhibited a cresol-like note 
but after 10 to 20 sec. this disappeared and the pure and characteristic odor 
of “Russian leather” came through. The disturbing off-odor was eliminated 
by treatment of the oil with calcined earth or silica gel. 

Years ago Holmes? reported that prior to World War I birch tar oil was 
produced in the Government of Kostroma (Russia) from the external white 
bark of the birch, by the following method: 


“An iron pot is filled with the (white) bark and covered with a close fitting lid, 
through which is inserted an iron pipe, and this pot is inverted over a similar 
one, and the rims are carefully fitted together and well luted with clay. The 
two are then turned upside down, so that the pot with the bark in it is upper- 
most. The apparatus is half sunken in the ground, well banked up with a 
mixture of sand and clay, and a wood fire is kindled round it. When the distil- 
lation has continued long enough the luting is removed and the pots separated, 
when the lower one is found to contain a thin oil floating on pyroligneous acid, 
or when the bark has been very impure on pitch. The yield of true birch bark 
oil is about one-third of the white bark used. 

“To obtain 120 lb. of oil, ten to fourteen trees of thirty to fifty years old 
have to be stripped. The trees now are not, as formerly, felled, but are stripped 
standing and allowed to grow. In most cases the outer bark is only partially 
removed. The under layer blackens and dies, but new bark is formed beneath 
them. Recently the preparation has been carried on in Germany and Austria, 
where it is known as Birkentheer, Birkenol, Juchtenol, or Doggut.” 


Before World War I birch tar oil also came from the Government of 
Minsk (Russia); it was supplied in two forms, crude and rectified. The 
crude, dark colored oil was used in the manufacture of leather and in 
soaps; the rectified oil was weaker in odor. 


1 Ber. Schimmel & Co. (1944/47), 11. 
2 Pharm. J. [4], 81 (1910), 5. 
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Physicochemical Properties.—Rectified birch tar oil is a clear, dark 
brown liquid with a strong empyreumatic odor reminiscent of “Russian 
leather.” Commercial lots of rectified birch tar oil imported from Europe 
by Fritzsche Brothers, Inc., New York, in the past had specific gravities 
which varied between 0.880 and 0.908. The apparent phenol content de- 
termined with dilute potassium hydroxide solution (see Vol. I, p. 291) 
varied between 5 per cent and 20 per cent; most of the shipments show- 
ing values above 10 per cent. Rectified birch tar oi] should yield clear 
solutions with 3 vol. of anhydrous alcohol and with ether, benzene, chloro- 
form, glacial acetic acid, amyl alcohol and turpentine oil. When mixed 
with 7 to 10 vol. of alcohol or with 3 vol. of petroleum benzin, the oil 
dissolves with no more than a slight turbidity. The oils imported previous 
to World War II yielded a turbid solution when mixed with 3 vol. of 
methanol. Recent lots of so-called rectified birch tar oil, however, have 
yielded clear solutions with 3 vol. of methanol. 

When stored in metal containers, rectified birch tar oil rapidly darkens 
in color and becomes unsuitable for use. The oil should, therefore, be 
kept in dark, well-filled glass bottles, protected from light. 

Chemical Composition.—Oil of birch tar contains a number of phenols 
and phenol ethers, among them: 


Phenol (traces only) 

Cresol (methylphenol) 

Xylenol (dimethylphenol) 

Guaiacol (o-methoxyphenol) 
Creosol (2-methoxy-4-methylphenol) 
Pyrocatechol (2-hydroxyphenol) 


The chemical composition of the German rectified birch tar oil differs 
from that of the Russian oil. The latter contains pyrobetulin, an odorless 
and tasteless substance, which has antiseptic properties. When heated to 
a temperature above 258° C., pyrobetulin emits a vapor with the charac- 
teristic odor of “Russian leather.” In fact this odor develops only when 
the heat is sufficient to decompose the pyrobetulin. 

More than twenty years ago Vesterberg and Nydahl*‘ investigated the 
chemical composition of rectified birch tar oil and, from the neutral portion, 
obtained a number of sesquiterpene-like fractions with a low content of 
oxygenated compounds. Repeating the work of the two above-named 


3 Chemist Druggist 101 (1924), 945. 
4 Svensk Kem. Tid. 89 (1927), 117. Chem. Zentr. (1927), II, 1103. 
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authors, Ruzicka, Boer and Rey® noted the presence of many hydro- 
naphthalenes in birch tar oil. Analysis of the picrates provided evidence 
that dehydrogenation with sulfur produces a mixture of homologous alkyl- 
naphthalenes. It is also probable that these products are derived, not from 
& sesquiterpene fraction, but largely from betulin, a triterpenediol. Ruzicka 
and his collaborators arrived at the conclusion that the fractions declared 
to be sesquiterpenes by Vesterberg and Nydahl (see above), in reality 
consist of betulin pyrolysis products, and not of sesquiterpene-like com- 
pounds. 

Use.—As long as it was available commercially, rectified birch tar oil 
was & valuable perfumer’s raw material, forming the basis of numerous 
‘Russian leather” scents. It served also as an antiseptic in local applica- 
tions against chronic eczema and other skin diseases. 


SuGGEstep ADDITIONAL LITERATURE 


C. T. Bennett, “Birch Tar Oil,” Pharm. J. [4], 31 (1910), 4. 
5 Helv. Chim. Acta 27 (1944), 183. 
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OIL OF VALERIAN 


Essence de Valériane Aceite Esencial Valeriana Baldrianol 
Oleum Valerianae 


Introduction.—Valeriana officinalis L. (fam. Valerianaceae) is a hardy, 
herbaceous perennial growing from 2 to 4 ft. high. The flowers are white 
or rose-colored, and quite fragrant. In northern and central Europe and 
in Asia, its native habitat, the plant occurs wild in damp woods and 
meadows, as well as on dry, elevated grounds. In Europe and North 
America it is often grown as an ornamental plant (“garden heliotrope’’). 
The dried rhizomes and roots form the well-known valerian root of the 
drug trade. They exhibit a characteristic, rather unpleasant odor, caused 
by the presence of an essential oil which can be isolated by steam distil- 
lation. 

Valeriana officinalis is cultivated as a medicinal plant on a commercial 
scale in Belgium, northern France, central Germany, Hungary, in the 
southern part of the U.S.S.R., and in neighboring countries (Lithuania, 
Latvia, Estonia, etc.). Statistics of production are difficult to obtain, but 
in 1933, for example, the U.S.S.R. consumed 236 metric tons of dried va- 
lerian roots, which were cultivated on about 200 hectares.* 

As regards western Europe, the principal producing regions are in Belgium. 
During World War II efforts were made to cultivate Valenana officinalis 
on a large scale in Germany, but space does not permit reviewing articles 
on this subject, which appeared in the German literature.? 

Cultivation.—Valeriana officinalis grows quite well in any ordinary soil, 
but best in a rich and rather heavy loam well supplied with moisture. Ac- 
cording to Fauconnet,*® the type of soil exerts no influence on the general 
chemical composition of the valerian root. However, meteorological condi- 
tions markedly influence the oil content of the root. 

In Belgium,‘ where the plantings are spread over about fifteen commu- 
nities in the province of Hainaut (around Lessines and Flobecq), valerian 
is planted in the beginning of spring, usually early in April, from young 
wild plants, which farmers collect in forests and damp meadows. After the 
1Maiszite, Die Deutsche Heilpflanze 10 (1944), 79. 
2For details see Bauer, Pharm. Zentralhalle 88 (1942), 361. Bauer et al., Landw. 

Jahrb. 92 (1942), 1. Heeger and Bauer, Pharmazte 1 (1946), 27. 


8 Ber. schweiz. botan. Ges. 67 (1947), 122. 
4 Guenther, “Belgian Essential Oils,” Am. Perfumer 84 (February, 1937), 75. 
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soil has been carefully tilled, harrowed, and fertilized, the plants are set 
out in straight rows, with a distance of 40 cm. between rows, and 30 cm. 
between plants. As the shrub grows, the ground must be tilled repeatedly, 
weeded, and fertilized. Valerian is a large herb, sometimes reaching a 
height of about 50 cm., and almost completely covering the ground around 
it. 

The plant is cultivated exclusively for its fibrous root, which develops 
a great number of rootlets. These spread out under the surface of the 
ground in a circle roughly 30 or 40 cm. in diameter. 

In September the leaves begin to turn yellow and wither, an indication 
that the plant is now ready for harvesting. First the leaf material is mowed, 
then raked up and piled along the edges of the fields. In a period of dry 
weather, the roots are pulled out, either by hand, or with a “trident.” A 
light plow, ox- or horse-drawn, may also be employed. The roots are then 
gathered, roughly cleaned by shaking, and stacked up on a wooden picket 
stuck into the ground. They are cleaned again, this time more thoroughly, 
arranged into heaps, and covered with leaves. Thus protected against pos- 
sible rain, the material can be left in the fields for a few days. 

As the work advances, additional quantities of root material are wheeled 
from the fields to the farm. There, seated under a shed, women and girls 
cut the roots into four, six, or eight parts, according to size. The pieces are 
carefully cleaned, then carried to the bank of a nearby brook, where a large 
wicker bin with a dyke on one side has previously been constructed. Into 
this bin the roots are thrown and washed by stirring with long, tridented, 
wooden poles, then removed from the water and placed on the banks to 
drain off and dry. In this condition, the roots are generally sold to the 
exporters who, during the harvest period, daily truck the root material to 
large hot-air kilns. However, some of the farmers, possessing their own 
small kilns, dry a part of their root material, and often store it for specu- 
lation purposes. 

Valerian root is exported from Belgium in several grades: 


1. Entire root—fresh and washed. (Exported largely to France.) 

2. Entire root—washed and dried. 

3. Dried root pieces, varying in length from 2 to 5 cm., according to 
country of destination. 

4. Powdered root. 


Yearly production of Belgian root amounts to about 300 metric tons. 


Prices fluctuate widely. In normal times the root is sent to Germany, as 
well as France, the United States, England, and other countries. 
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For commercial cultivation in the United States, Stockberger* recom- 
mends propagating valerian by dividing the old roots, either in the fall or 
in the spring, and setting the divisions about 1 ft. apart in rows spaced at 
2 to 3 ft. If the divisions are set very early in the fall in time to become 
well established before frost, a good crop may usually be harvested the 
following autumn. Plants may also be grown from seed, which are pref- 
erably sown as soon as they are ripe in well-protected seedbeds in the 
garden. Early in the spring the seedlings may be transplanted to the field 
and set at the same spacing as the divisions of the root. Growth will be 
favored by a liberal application of farmyard manure, which should be well 
worked into the soil before the plants are set out. Thorough cultivation is 
essential. 

The roots of the plants propagated by division may be dug in the fall of 
the first year’s growth, although the yield will probably be small. Those 
of seedling plants do not usually reach a size suitable for harvesting before 
the end of the second growing season. After digging, the roots are washed, 
preferably in running water, until all adhering soil is removed. Washing 
and drying will be facilitated if the thick portion of the roots is sliced 
lengthwise. The drying should be very thorough, and the use of artificial 
heat will be found advisable. 

Under good conditions a yield of 2,000 lb. or more of dried roots per 
acre may reasonably be expected. 

Distillation and Yield of Oil_—The characteristic valerian odor, which is 
caused chiefly by l-borny] isovalerate, develops only on drying of the root 
material. Years ago Carles* expressed the opinion that the juice of the 
fresh valerian roots contains an oxidizing enzyme, which is perhaps re- 
sponsible for the development of the typical valerian odor. It may also be 
assumed that the fresh roots contain glycosides, which on splitting yield 
l-bornyl isovalerate and other compounds of characteristic valerian odor. 
However, it has not been possible to isolate any such glycosides from the 
root. On prolonged aging of the root, the esters, particularly the bornyl 
isovalerate, are hydrolyzed, giving rise to free isovaleric acid, which im- 
parts a most disagreeable odor to over-aged root material. According to 
Jaretzky,’ the hydrolysis of esters cannot be caused exclusively by ferments, 
because it takes place also in the distilled valerian oil, which certainly is 
free of ferments. 

The most appropriate material for distillation are well-dried roots, not 
too old. Over-aged material yields an oil with a high content of free fatty 
acids, particularly isovaleric acid, of disagreeable odor. Immediately prior 


5 “Drug Plants Under Cultivation,” U. S. Dept. Agr., Farmers’ Bull. No. 663 (1935), 35. 
6 J. pharm. chim. [6], 12 (1900), 148. 
1 Arch. Pharm. 280 (1942), 293. 
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to distillation, the roots should be triturated. Distillation of one batch 
with direct steam is completed in about 6 hr., whereas distillation with 
indirect steam (water distillation) may require up to 48 hr. The distillation 
waters contain substantial quantities of free acids, chiefly isovaleric acid, 
formed during distillation by hydrolysis of esters. To increase the yield 
of oil, some distillers cohobate the distillation waters and add the indirect 
oil to the direct (main) oil. If this is done the final (total) oil will exhibit 
a high acid number and most likely a rather disagreeable odor. (See also 
below—“Physicochemical Properties.’’) 

The yield of oil depends upon several factors, among them the age of the 
root material, its geographical origin, meteorological conditions, the age 
of the plantation,® the method of distillation, etc. Yields of oil ranging 
from 0.1 to about 1.0 per cent have been reported,’ especially in German 
literature. Distilling Belgian, French and German root materia] the author 
obtained yields ranging from 0.2 to 0.4 per cent. A yield of 0.4 to 0.6 per 
cent may be considered quite satisfactory, although Gildemeister and Hoff- 
mann ?° claim yields of 0.5 to 0.9 per cent for roots from Thuringia. 

In general, the yield of oil from Valeriana officinalis L. is very low. As 
a result, some essential oil producers no longer use the roots of true Valeriana 
officinalis L. for distillation of the oil, employing instead those of Valeriana 
officinalis Li. var. latifolia Miq., the so-called “kesso root” from Japan, 
which yields from 4 to 5 per cent of oil (see the monograph on “Oil of 
Valerian Japanese,’’ p. 28). 

Physicochemical Properties.—Freshly distilled valerian root oil is a 
yellow-green to yellow-brown liquid, slightly acidic, and of characteristic, 
penetrating, but not disagreeable, odor. On aging or exposure to air, the 
oil assumes a dark color and a viscous consistency and becomes distinctly 
malodorous. The oil develops free isovaleric acid, and may deposit crystals 
of borneol: As was pointed out above, the properties of valerian oil are 
the result of several factors, primarily the age of the root material and 
the method of distillation. An oil possessing an abnormally high content 
of free isovaleric acid may be (a) a very old oil, or (b) have been distilled 
from over-aged root material, or (c) have been distilled with cohobation 
of the acidic distillation waters. In order to eliminate the obnoxious odor 
of isovaleric acid exhibited by such oils, their content of free acids has to 
be reduced by proper treatment (careful neutralization with cold solution 
of sodium carbonate, e.g.). 

8 Heeger and Bauer, Pharmazie 1 (1946), 27. 
® Heeger, Pharm. Ind. 7 (1940), 371; 10 (1943), 136, 222. Maizite, Die Deutsche Heil- 


pflanze 10 (1944), 79. 
10 “Die Atherischen Ole,” 3d Ed., Vol. III, 936. 
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Gildemeister and Hoffmann * reported these properties for valerian root 
oil from Valeriana officinalis: 


Specific Gravity at 15°...... 0.920 to 0.965 

Optical Rotation........... —8° 0’ to —14° 0’ 

Refractive Index at 20°..... 1.486 

Acid Number.............. 5 to 50 

Ester Number............. 50 to 130 
Solubility.................. Turbid or sometimes insoluble in 80% 


alcohol; soluble in 0.5 to 1.5 vol. and 
more of 90% alcohol. Older oils are 
more easily soluble, in about 2 vol. 
and more of 80% alcohol 


Oils distilled under the author’s supervision in Seillans (Var), France 
from Belgian, French, and German root material, exhibited properties vary- 
ing within the following limits: 


Specific Gravity at 15°...... 0.953 to 0.990 
Optical Rotation........... —2° 18’ to —28° 40’ 
Refractive Index at 20°..... 1.4861 to 1.5021 
Acid Number.............. 7.0 to 45.3 

Ester Number............. 31.7 to 106.9 


Chemical Composition.—Little purpose would be served by discussing the 
early investigations of the chemistry of valerian root oil, which were carried 
out during the first half of the last century.'? That valeric acid, which was 
named after the plant, is one of the constituents of the oil has been known 
for a long time. We owe our knowledge of the chemical composition of 
valerian root oil chiefly to Bruylants,® Oliviero,’* and to a lesser extent to 
Gerock,’® and Fliickiger,4* who reported the presence of the following 
compounds: 


l-Pinene and |-Camphene. In the lowest boiling fractions. 


l-Borneol Esterified with Formic, Acetic, Butyric, and Isovaleric Acids. By far the 
greater part of the borny! esters present in the oil consists of l-borny! isovalerate. 
According to Gerock, the oil contains about 9.5 per cent of borny] isovalerate, 
and about 1 per cent each, of bornyl formate, acetate, and butyrate. 


Terpineol. The fraction bso 160°-165° yielded dipentene dihydrochloride, indicating 
the probable presence of terpineol. 


An Alcohol(?). The fraction bso 160°-165° also contains a substance C;sH2.0, which 
is probably an alcohol. 

11 Ibid. 

12 Cf. Gildemeister and Hoffmann, “Die Atherischen Ole,” 3d Ed., Vol. ITI, 937. 

18 Ber. 11 (1878), 452. 

14 Compt. rend. 117 (1893), 1006. Bull. soc. chim. [3], 11 (1894), 150; 18 (1895), 917 

15 J, pharm. Elsass-Lothringen 19 (1892), 82. Jahresber. Pharm. (1892), 445. 

16 Arch. Pharm. 209 (1876), 204. 
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A Sesquiterpene(?). In the same fraction a laevorotatory sesquiterpene C;;H, was 
observed. 


An Alcohol(?). From the aqueous washings of a saponified oil, Oliviero isolated a 
strongly laevorotatory, crystalline alcohol CioH2002, m. 132°. 


Borneol Ether(?) or Borneol Oxide(?). Basing his opinion solely upon a combustion 
analysis, Bruylants arrived at the conclusion that the fraction b. 285°-290° of the 
oil consists of borneol ether or borneol oxide, but according to Gildemeister and 
Hoffmann '’ this is quite improbable, and in any case further proof must be 
adduced. 


A Blue Oil(?). According to Flickiger, the highest boiling fractions contain a blue 
oil b. ~300°. 

Use.—Oil of valerian root is used as a tonic and stimulant in certain 
medicinal preparations. At one time the medicinal effectiveness of valerian 
root oil was thought to be due to the presence of isovaleric acid, but accord- 
ing to Bonnin,'® this is not the case, the active principle being l-borny] 
isovalerate. 

Another use of valerian root oil is as an adjunct in the flavoring of 
certain blends of tobacco. 


Ort OF VALERIAN JAPANESE * 
(Oil of Kesso Root) 


The plant from which the Japanese valerian or so-called ‘“‘Kesso” root is 
derived (‘“Kesso Kanokoso”) was formerly classified as Patrinia scabiosae- 
folia Link, later as Valernana officinalis L. var. angustifolia Miq.; however, 
more recently it has been reclassified as Valeriana officinalis L. var. latifolia 
Miq. (fam. Valerianaceae). It gives a much higher yield of essential oil 
(from 4 to 5 per cent, and even more) than the European valerian root. 
For this reason European, and in particular, German, distillers prior to 
World War II used imported Japanese root material almost exclusively. 
As a matter of fact, the Japanese root became official in the German Pharma- 
copoela. At that time Japan produced from 50 to 60 metric tons of kesso 
root per year. Since the war, production in Japan has declined to 12 to 
18 tons annually. In 1948, total production in Japan amounted to only 
10,870 kg., 10,800 kg. of which came from Hokkaido, and only 70 kg. from 
the Prefecture of Toyama. Years ago, most of the root was grown in 
the Prefectures of Toyama and Kanagawa on Japan’s main island, but 
17 “Tie Atherischen Ole,” 3d Ed., Vol. ITI, 938. 

18 Pharma-Medico 2 (1933), 60. 


* The author is greatly obliged to Dr. Teikichi Hiraizumi, Tokyo, for much of the 
information contained in this monograph. 
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about 1930 plantations were started in the Kitami district of Hokkaido 
Island; this is now the principal producing region. 

For planting, rootstocks weighing from 20 to 30 g. are set out in loose, 
well-fertilized soil, the spacing being 30 cm. between the plants, and 60 cm. 
between the rows. On the island of Hokkaido, planting is done in the 
early spring; on the main island (Hon-Shu), in the late fall. As in the 
ease of other crops, the soil has to be fertilized and weeded. While the 
plants are developing, all young ears are plucked off, to force the roots to 
grow to larger size. In July or August the color of the leaves and stalks 
changes to yellow; the roots are then dug out of the ground, washed, and 
dried in the sun. Ten ares (1 are = 119.6 sq. yd., or 0.025 acre) yield from 
220 to 250 kg. of dried roots. 

Oil of valerian or kesso root has never been produced in Japan, except 
for experimental purposes. Small quantities of dried root are used in old- 
fashioned medicines of Chinese origin for the treatment of rheumatism in 
women. The bulk of the root has always been exported. 

Physicochemical Properties.—The volatile oil derived from the Japanese 
valerian or kesso root is a yellowish to slightly brown liquid with an odor 
similar to, but slightly coarser and more camphoraceous than that of the 
oil distilled from the European root. The Japanese oil differs from the 
latter product chiefly in its higher specific gravity, and its higher laevoro- 
tation. 

Gildemeister and Hoffmann? reported the following properties for Japa- 
nese valerian root oil (distilled in Germany): 


Specific Gravity at 15°.............. 0.960 to 1.004 

Optical Rotation................... — 23° 0’ to —34° 30’ 

Refractive Index at 20°............. 1.477 to 1.487 

Acid Number..................0005 1 to 20 

Ester Number...............-.0005 92 to 138 

Ester Number after Acetylation...... 139 to 166 

SOUCY eas s 6 salen ee Sek so eas Soluble in 1 to 2.5 vol. and more of 


90% alcohol. The diluted solu- 

tion occasionally exhibits faint 

opalescence 

Kariyone and Wakabayashi? investigated the influence of various fer- 

tilizers upon the yield of root per acre, and upon the oil content of the root. 
They found that a total exclusion of fertilizers, like a complete absence 
of nitrogen, results in a poor harvest and a low oil content in the root. The 
properties of ten oils distilled experimentally by these workers varied 
within the following limits: 


1“Die Atherischen Ole,” 3d Ed., Vol. III, 940. 
2J. Pharm. Soc. Japan 49, No. 7 (No. 569), (1929), 108 (Abstracts in German). 
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Specific Gravity at 15°...... 0.947 to 0.988 
Optical Rotation at 15°..... —30° 42’ to —45° 30’ 
Acid Number.............. 1.1 to 5.9 

Ester Number............. 136.6 to 159.6 


These values differ from those indicated by Gildemeister and Hoffmann 
(see above), probably for the simple reason that Kariyone and Wakabay- 
ashi distilled the root material in Japan, whereas the properties of the 
oils reported by Gildemeister and Hoffmann apply to oils distilled in 
Germany from imported Japanese roots. During the long transport the 
volatile oil contained in the roots undoubtedly underwent certain changes 
(hydrolysis of esters, evaporation of low boiling constituents, etc.). 

An oil distilled under the author’s supervision in Seillans (Var), France, 
from imported Japanese roots exhibited these properties: 


Specific Gravity at 15°...... 0.989 

Optical Rotation. .......... — 27° 28’ 

Refractive Index at 20°..... 1.4850 

Acid Number.............. 3.8 

Ester Number............. 111.1 

Solubility...............0.. Soluble in 0.5 vol. and more 
of 80% alcohol 


Distilling dried valerian (kesso) root experimentally in Japan, Hiraizumi ® 
obtained 1.2 per cent of a volatile oil which had the following properties: 


Specific Gravity at 15°/15°...... 0.996 

Optical Rotation............... —31° 45’ 

Refractive Index at 20°......... 1.4850 

Acid Number................8. 6.0 

Ester Number................. 142.5 

Solubility at 20°................ Soluble in 1 vol. and 
more of 80% alcohol 


The oil had a very good odor and flavor; because of its low acid number 
the odor of the Japanese oil differed greatly from the oils distilled from 
Indian root material (see p. 33, below). 

Chemical Composition.—The chemical composition of the volatile oil 
derived from Japanese valerian root was first investigated by Bertram and 
Gildemeister,* and Bertram and Walbaum.® They found that it resembles 
that of the oil from the European type of root, except for the fact that the 
former contains kessyl alcohol and kessyl acetate, which are not present 
in the European oil (from Valeriana officinalis L.). 

8 Private communication of Dr. Teikichi Hiraizumi, Tokyo, February (1950). 


* Arch. Pharm. 228 (1890), 483. 
5 J. prakt. Chem. [2], 49 (1894), 18. 
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The kessy] alcohol has been the subject of numerous investigations by 
Japanese researchers; details will be found in Vol. II of the present work, 
p. 288. Unfortunately, it was not possible in that volume to incorporate 
results of work carried on in Japan from 1944 to 1948, including studies 
of the configuration of kesso glycol, its anhydride, and of kessyl aleohol— 
results which have only recently become known in the United States. This 
latest research will be summarized below. 

The presence of the following compounds in Japanese valerian root oil 
has been reported: 


Acetic Acid, Isovaleric Acid and Valeraldehyde(?). The first runs obtained on frac- 
tionation of the oil contain highly acidic substances of obnoxious odor, viz., 
acetic and isovaleric acids, and probably valeraldehyde. 


l-a-Pinene. In the fraction b. 155°-160°. Identified by means of the nitroso com- 
pound m. 101° (Bertram and Gildemeister). 


l-Camphene. In the same fraction. Identified by hydration to isoborneol m. 212° 
(Bertram and Walbaum). 


Dipentene. In the fraction b. 170°-180°. Identified by means of the tetrabromide 
m. 123° (Bertram and Gildemeister). It is doubtful whether dipentene is a 
natural constituent of the oil or an artifact, formed from pinene or terpineol by 
the action of acids. 


l-Bornyl Acetate and Isovalerate. Identified by Bertram and Gildemeister. Unlike 
the oil derived from the European root, the Japanese oil does not contain any 
borny] formate. 


Terpineol. In the fraction b. 200°-220°. Identified by means of dipentene dihydro- 
iodide m. 76° (Bertram and Gildemeister). 


Kessyl Alcohol and Kessyl Acetate. According to Bertram and Gildemeister, the 
high boiling fractions of the oil contain chiefly kessy] acetate (cf. Vol. II of the 
present work, p. 288, and below). This ester is responsible for the high specific 
gravity of the Japanese oil. 


A Blue Oil(?). Also observed by Bertram and Gildemeister in the high boiling fractions. 


As regards the structure of kessy] alcohol and related compounds, Kaneoka 
and Tutida * studied the problem in 1941, but did not arrive at any definite 
conclusions. They assigned the empirical molecular formula C,5;H2.03 to 
kesso glycol. The compound, which is also called kesso glycol anhydride, 
melts at 128°. 


6 J, Pharm. Soc. Japan 61 (1941), 6, 8, 9, 128. Chem. Abstracts 85 (1941), 4773. 
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More recently Ukita * suggested the following structural formula for kesso 
glycol m. 128°: 


OH CHs 


OH 


CHs 
H;C CHs 


Kesso glycol hydrate, on the other hand, has the empirical molecular 
formula CisH2e03° H20, and melts at 58°-—59°. 

Judging from the structural formula of kesso glycol, Ukita® finally 
arrived at the conclusion that kessyl alcohol has this configuration: 


oH CHs 


CHs 
H;C CHs 


Kessy] alcohol has the empirical molecular formula C,;H260z,’ and melts 
at 85°. 

The latest work on a-kessyl alcohol, a natural azulene-forming hydroxy- 
sesquiterpene oxide, is that of Treibs?° who emphasizes the possible exist- 
ence of cis and trans isomers, because of the linkage between the two rings. 
Moreover, there probably exist also cis and trans isomers through side 
chains and other substituents, hydroxy groups among them. According to 
observations made by Treibs, natural oxidized derivatives of sesquiterpenes 
occur in essential oils much more frequently than was formerly assumed. 
On the basis of his own investigations and those of Asahina,™ Treibs sug- 
gested the following structural formula for a-kessyl alcohol: 

7 J. Pharm. Soc. Japan 64 (1944), 285. 

8 Ibid. 65 (1945), 458. 

®The molecular formula of this compound, given on p. 288 of Vol. II of this work, 
should be corrected to read Cy5sH2¢QO9. 


10 Tnebigs Ann. 870 (1950), 165. 
11 J. Pharm. Soc. Japan 806 (1924), 13; 536 (1926), 75; 544 (1927), 65. 
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CH 
CH, : 
CH, 


OH 


CH; 


In this configuration the two rings are in the trans position. 
Use.—The Japanese valerian oil is used for the same purposes as the 
European type of oil (see above). 


Ort oF VALERIAN INDIAN 


Introduction.—Valeriana wallichu DC. (fam. Valerianaceae), the so- 
called Indian valerian, is a perennial herb growing in the temperate parts 
of the Himalaya and Khasia Mountains. In India the dried rhizomes 
are used in perfumes and hair preparations, and as incense, rather than in 
medicines. Indian valerian is shipped in curved pieces from 4 to 8 cm. 
long, and from 5 to 10 mm. thick, dull brown in color. The odor is strong, 
resembling that of isovaleric acid; the taste, bitter and camphoraceous. 

Owing to the unavailability of supplies of European valerian (Valeriana 
officenalts L.) during World War II, the dried rhizomes and roots of 
Valeriana wallichi were recognized by the National Formulary, Seventh 
Edition, Supplement 1, as a war emergency product, but were deleted from 
the Eighth Edition. 

The dried rhizomes and roots contain a volatile oil of typical valerian 
odor, which can be isolated by steam distillation. In the experience of 
Fritzsche Brothers, Inc., New York, the yield of oil averages 0.7 per cent. 
The odor of the oil is somewhat inferior to that of the oil derived from 
Valeriana officinalis. 

Physicochemical Properties.—Genuine oils distilled by the same firm 
had properties varying within these limits: 


Specific Gravity at 15°/15°...... 0.931 to 0.960 

Optical Rotation............... —15° 8’ to —25° 10’ 
Refractive Index at 20°......... 1.4733 to 1.4975 

Acid. Number é sicnccsa cise s 50.4 to 114.8 

Eeter Number................. 9.1 to 34.5 
Solubility............... 0.0000 Soluble in 0.5 vol. of 90% 


alcohol and more 
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An Indian valerian oil derived from Valervana wallichit DC., and analyzed 
by Schimmel & Co.; had the following properties: 


Specific Gravity at 15°.............. 0.9361 

Optical Rotation................... —34° 6’ 

Refractive Index at 20°............. 1.48712 

Acid Number................00000: 37.3 

Ester Number..............00. ce: 39.8 

Ester Number after Acetylation...... 69.1 

3.0) (110) 2, Soluble in 0.3 and more vol. of 90% 


alcohol. Not soluble in 80% alco- 
hol up to 10 vol. 


The color of the oil was yellowish-green, the odor strong and persistent. 
Distilling Indian valerian root, Bullock? obtained two oils (yield 0.35 
per cent) with these properties: 


I II 
Specific Gravity at 19°.................. 0.9819 0.9776 
Refractive Index. .............0 cee eee 1.5025 1.5042 
Acid Number.............. 0.00 c ce eeeee 51.76 36.6 
Acid Content, Calculated as Isovaleric Acid 9.4% 6.66% 
Ester Content, Calculated as Isovalerate of 
a Sesquiterpene Alcohol............... 7.56% 7.07% 


Alcohol Content, Calculated as CisH2.0... 4.58% 14.87% 


Chemical Composition.—The same author reported the presence of the 
following compounds in his oils: 
A Sesquiterpene(?). B. 250°-258°; the chief component of the oil. 
A Sesquiterpene Alcohol(?). Present in small quantities. 
Isovaleric Acid. Present in ester form. 
Acetic Acid(?) or Formic Acid(?). Also present in ester form. 


Free Saturated Acids. The oil contained free saturated acids, probably a mixture of 
stearic and palmitic acids (m. of the mixture, 60°-61°). 


Free Unsaturated Acids. Small quantities only. 
A Blue Oil(?). On distillation over metallic sodium the deep blue color of this oil 
disappeared completely. 


Use.—The oil distilled from Indian valerian root has the same uses as 
the oil derived from true Valeriana officinalis L., although the odor and 
flavor of the former do not quite equal those of the latter. 


1 Ber. Schimmel & Co. (1922), 8. 
2 Pharm. J. 117 (1926), 152. 


Google 


CHAPTER IV 


ESSENTIAL OILS OF THE PLANT FAMILY VERBENACEAE 


Google 


Generated on 2021-06-26 16:42 GMT / 
Public Domain, Google-digitized / 


3[S00*) Aq pazii6iq 


NVOIHDIW 40 ALISYAAINN 
Wwdy jBUIB WO 


https://hdl.handle.net/2027/mdp .39015010948308 
http://ww.hathitrust.org/access use#pd-google 


OIL OF VERBENA 
Essence de Verveine Aceite Esencial Verbena Verbenaol 


Botany and Producing Regions.—There is much confusion in literature 
about oil of verbena. A good many oils described? as verbena oils appear 
to have been distilled from plants other than true verbena. The so-called 
“Spanish Verbena Oil,” or “Thyme Lemon Oil,” e.g., is derived from Thymus 
hiemalis Lange, and perhaps also from Thymus hirtus Willd. (see Vol. III 
of this work, pp. 758 and 759, respectively) .? 

True verbena oil comes from Lipma citriodora Kunth., syn. Verbena 
triphylla L’Herit., Aloysia citriodora Ort. (fam. Verbenaceae), the so-called 
“Lemon Verbena,” a shrub 1.2 to 1.5 m. high, which is occasionally grown 
as an ornamental plant in the gardens of southern Europe and Central 
America. Commercially the plant is cultivated on a small scale in the 
Grasse region of Southern France (near Pégomas and Valbonne), in Algeria 
(near Boufarik), and in Tunis. The leaves are sold to the herb and drug 
trade; very small quantities serve for distillation of the essential oil. The 
yield of oil, however, is so poor that the price of the oil by far exceeds 
its value (cf. “Adulteration,” below). 

Inpyia citriodora is very sensitive to cold, and requires frequent irrigation. 
According to Naves and Mazuyer,® the first cutting takes place in July, 
as soon as the first inflorescence appears, the second cutting in October, 
before the plants are hilled up to protect them from the cold of the winter. 
Some growers harvest three times, viz., the end of June, the middle of August, 
and the end of October. The plants are cut 10 cm. above the ground. 
One hectare produces from 4 to 6 metric tons of plant material. The stalks 
with adhering leaves are tied into bundles and delivered to the distilleries 
where they must be processed immediately after arrival. 

Distillation gives only a very small yield of oil; the distillation waters 
have to be cohobated. The yield of oil from fresh leaves varies between 
0.072 and 0.195 per cent.* For leaves and twigs a yield of 0.0118 per cent 

1 Cf. Gildemeister and Hoffmann, “Die Atherischen Ole,” 3d Ed., Vol. ITI, 613. 

2 True verbena must not be confused with Verbena officinalis L., nor with the “ver- 
veine des tisanes,” which in southern France is used in verbena teas and infusions. 
[Naves and Mazuyer, “Les Parfums Naturels,” Paris (1939), 284]. Verbena off- 
cinalis L. (fam. Verbenaceae) is a common weed occurring widely all over Europe. 

3“Les Parfums Naturels,” Paris (1939), 285. 


* Theulier, Bull. soc. chim. [3], 27 (1902), 1113. Repts. Roure-Bertrand Fils, April 
(1906), 38. 
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has been reported; * from leaves, twigs, and blossoms 0.65 per cent of oil 
was obtained.® 

Physicochemical Properties.—Oil of verbena is a mobile, greenish-yellow 
liquid with a very agreeable lemon odor. Characteristic of the genuine oil 
is Its laevorotation. Most of the true laevorotatory verbena oils described 
by Gildemeister and Hoffman" were of French origin; only one laevorota- 
tory oil came from Spain (this oil was used by Schimmel & Co. for identifi- 
cation of its constituents—see below). Deztrorotatory “verbena” oils are 
derived not from Lippia citriodora, the true verbena, but from Thymus 
hvemalis (see above, “Botany”). 

According to Igolen and Igolen,® the properties of true verbena oil vary 
within these limits: 


Specific Gravity at 15°................ 0.890 to 0.912, rarely up to 0.920 
Optical Rotation. ................000. —10° 0’ to —18° 0’ 

Refractive Index at 20°............... 1.482 to 1.488, exceptionally 1.4793 
Citral Content (Bisulfite Method)...... 26 to 39%, usually 32 to 38% 
SOlUDIILY 4 ss4cwcne ees cen etesnea ss Soluble in 1 to 6 vol. of 80% alco- 


hol. Soluble in 1 to 2 vol. of 
90% alcohol, sometimes with 
turbidity on dilution 


Chemical Composition.—The chemical composition of verbena oil was 
investigated by Barbier,* Tiemann,?® Theulier,"* and particularly by Schim- 
mel & Co.!? (who examined a laevorotatory oil of Spanish origin). The 
findings of these investigators, however, do not need to be discussed here, 
because practically all of the compounds reported by them as constituents 
of verbena oil were identified also by Igolen and Igolen** who in 1938 
investigated a true verbena oil from Algeria. According to these two work- 
ers, verbena oil contains: 


Pyrrole and Furfural. Characterized by color reactions. 
Methyl Heptenone. Identified by means of its semicarbazone m. 135°. 
l-Carvone. Preparation of the 2,4-dinitrophenylhydrazone m. 194°. 


a- and B-Citral. Identified by means of the citrylnaphthocinchoninic acid m. 198°, 
and of two 2,4-dinitrophenylhydrazones m. 107°-108°, and m. 95°-96° (@-citral, 
and 8-citral, respectively). 


5La Face, Rivista ital. essenze profums 6 (1924), 109. 

6 Rutovski and Vinogradova, Riechstoff Ind. $8 (1928), 191. 
7™“TDie Atherischen Ole,” 3d Ed., Vol. III, 615. 

8 Rev. marques parfums France 16 (1938), 113. 

9 Bull. soc. chim. [3], 21 (1899), 635. 

10 Ber. 88 (1900), 884. 

11 Bull. soc. chim. [3], 27 (1902), 1113. 

12 Ber. Schimmel & Co., October (1913), 103. 

18 Rev. marques parfums France 16 (1938), 113. 
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Cineole. Characterized through its iodol compound. 
l-Limonene. Identified by means of its tetrabromide m. 104°. 
Dipentene. Tetrabromide m. 123°. 
B-Caryophyllene. Nitrosochloride m. 162°, nitrosate m. 148°. 


A Tricyclic Sesquiterpene(?). With these properties: bs 115°, dis 0.937, ap —15°20’, 
np 1.5025. 


Borneol. Diphenylurethane m. 53°. Oxidation to camphor; latter identified by means 
of its semicarbazone m. 236°. 


Linaloél. Diphenylurethane m. 49°. Oxidation to citral, the latter characterized by 
preparation of its naphthocinchoninic acid compound m. 198°. 


d-a-Terpineol. 3,5-Dinitrobenzoate m. 78°-79°; nitrosochloride m. 106°-108°. 
Nerol. Diphenylurethane m. 52°-53°; allophanate m. 101°. 


Geraniol. 3,5-Dinitrobenzoate m. 58°-60°; diphenylurethane m. 81°-82°; allo- 
phanate m. 111°-112°. 


Nerolidol. Diphenylurethane m. 52°. 
Cedrol. 3,5-Dinitrobenzoate m. 92°-93°. 
Acetic Acid. Identified by means of the silver salt in the saponification lye of the oil. 


Igolen and Igolen were unable to identify myrcene, the presence of which 
in a French oil had been reported years ago by Barbier.** Nor could they 
identify verbenone, which Kerschbaum ** had isolated from a dextrorota- 
tory Spanish verbena oil. Most likely the oil investigated by Kerschbaum 
was derived not from true verbena, Lippia citriodora, but from Thymus 
hiemalis (see above—“Botany”’). 

Examining a laevorotatory verbena oil from Spain, Schimmel & Co.* 
reported the presence of 0.5 per cent of verbenone. However, the melting 
point of the semicarbazone could not be raised above 200°-202°, which per- 
mits the conclusion that the ketone isolated by Schimmel & Co. was per- 
haps not verbenone. In the same oil Schimmel & Co. identified d-citronellol 
by preparation of the silver salt of the acid phthalic ester, m. 122°—124°. 

In a laevorotatory verbena oil from the Caucasus, Rutovski and Vino- 
gradova ** reported the presence not only of some of the compounds listed 
above, but also of tsovaleric acid. 

The findings of Igolen and Igolen, as well as those of Schimmel & Co., 
and of Rutovski and Vinogradova, indicate that oil of verbena has the 
following approximate quantitative composition: 
1¢ Bull. soc. chim. [3], 21 (1899), 635. 

15 Ber. 33 (1900), 889. Cf. Vol. II of the present work, p. 444. 


16 Ber. Schimmel & Co., October (1913), 103. 
17 Riechstoff Ind. 3 (1928), 194. 
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Acids (traces) Acetic acid 
Isovaleric acid 


Terpenes (22%) l-Limonene 
Dipentene 


Oxides (4%) Cineole 


Aldehydes and Ketones a-Citral 
(83%) B-Citral 

Methy] heptenone 
Carvone 
Furfural (traces) 

Alcohols (20%) Linaloél 
a-Terpineol 
Borneol 
Nerol 
Geraniol 
Citronellol 
Nerolidol 
Cedrol 


Sesquiterpenes (15%) d-8-Caryophyllene 
A tricyclic sesqui- 
terpene(?) 
Nitrogenous Compounds Pyrrole 
(traces) 

Use.—Because of its high price, only very small quantities of true ver- 
bena oil are produced. As a matter of fact, most commercial “verbena” 
oils offered on the market are mixtures, and more or less skillful blends, 
chiefly of citral, or fractions of lemongrass oil, and natural isolates from 
other essential oils, all of them compounded in about the same proportions 
in which they occur in the natural verbena oil. 

Provided it could be produced at economical prices, oil of verbena would 
be a valuable adjunct in toilet waters and eaux de Cologne, to which it 
imparts refreshing tonalities. The oil could also be used to great advan- 
tage in certain types of flavors (liqueurs, nonalcoholic beverages, etc.). 


CONCRETE AND ABSOLUTE OF VERBENA 


According to Naves and Mazuyer,'® extraction of true verbena with 
petroleum ether yields from 0.25 to 0.30 per cent of a waxy, light to dark 
green concrete (m. 40°-52°, acid number about 30, ester number 24.1 to 
38.4) which, on treatment with alcohol in the usual way, gives from 50 to 
60 per cent of an alcohol-soluble absolute, a viscous, syrupy, dark green 


18 “Teg Parfums Naturels,” Paris (1939), 285. 
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liquid. Both the concrete and the absolute are produced only rarely, and 
in small quantities. The absolute contains from 30 to 36 per cent of a 
steam-volatile oil with properties resembling those of the oil obtained by 
steam distillation of the plants themselves. Naves, Sabetay and Palfray ?° 
reported these values for four steam-volatile oils derived from concretes of 
Algerian origin: 


Specific Gravity at 15°......... 0.894 to 0.907 
Optical Rotation.............. —4° 40’ to —6° 16’ 
Refractive Index at 20°........ 1.4741 to 1.4794 
Acid Number................. 3.8 to 7.2 


Aldehyde Content, Calculated as 
Citral (Hydroxylamine Hydro- 
chloride Method)............ 39.5 to 42.1% 


The chemical composition of this type of volatile verbena oil has not yet 
been investigated, but can be assumed to resemble that of the oils obtained 
by distillation of the plants directly. 


SUGGESTED ADDITIONAL LITERATURE 
C. J. Zufall and W. O. Richtmann, “A Pharmacognostical Study of Certain 


American Species of Verbena,” Pharm. Arch. 14 (1943), 65, 81. Chem. Abstracts 
38 (1944), 2387. 


19 Perfumery Essential Oil Record 28 (1937), 337. 
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OIL OF LABDANUM 
Essence de Ladanum Acette Esencial Labdano Ladanumol 


Introduction.—The essential oil expert and perfumer who has traveled 
extensively is inclined to associate some places he has visited with certain 
odors. The scent of otto of rose will always remind him of the “Valley of 
Roses” in Bulgaria, the fragrance of jasmine may recall nights in Seville 
or Granada, the heavy perfume of ylang ylang will bring back memories of 
tropical Nossi-Bé, a little island off Madagascar. One of the most unfor- 
gettable scents is that of labdanum, whose sweet, warm, balsamic odor 
permeates sunny patches in the pine forests that cover some of the islands 
in the Mediterranean or stretch along the rocky coasts of that beautiful, 
blue sea. In the natural habitat of the plant its perfume blends with that 
of pine, and perhaps sage, lavender, or thyme, producing an aroma that 
may be truly called Mediterranean. The classical Greeks and Romans 
must have been familiar with labdanum, for Ladanos is described by Dios- 
corides, Herodotus and Pliny. The modern Spanish term Jara for gum of 
labdanum clearly shows its Moorish origin, and indicates that the Moors 
of Spain made use of the drug. 

Cistus ladaniferus L. (fam. Custaceae) is a perennial shrub, up to 2 m. 
high, which grows wild, and in large stands, in sunny, warm, and well- 
sheltered places on some Mediterranean islands (Crete, Cyprus, Corsica, 
Dalmatian Islands, Isles de Lérin near Cannes) and in Mediterranean coun- 
tries (Spain, Morocco, Greece, Estérel Mountains on the French Riviera, 
etc.). In hot and sunny localities, protected against wind and cold, the 
plant grows much taller than in unsheltered places. Small, white flowers 
appear in June, but they are very short-lived. The leaves possess glandu- 
lar hairs consisting of two or three cells, which contain a very viscous gum- 
balsam; this exudes during the hot months and covers the leaves as well 
as the upper parts of twigs and branches with a sticky mass, agreeable, 
balsamic, and ambergris-like in odor. This resin is used in perfumes and 
soaps. 

The older literature on perfumery frequently refers to gum labdanum 
from Crete, said to be obtained by combing the hair of sheep that had 
browsed through stands of labdanum, the sticky gum having adhered to 
the hair of the animals. Labdanum gum from Crete, however, has long 
since disappeared from the market. Today the odoriferous principles of 
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the labdanum plant are isolated by several methods; the following products 
are obtained: 


A. The crude, dark, gum of labdanum, prepared in Spain by boiling the 
dried twigs and leaves in water, skimming the liquefied mass from the sur- 
face of the water, and drying it. 

B. The resinoid of labdanum, prepared by treating the dark, crude gum 
with alcohol, then filtering and concentrating the solution. The resulting 
resinoid is an alcohol-soluble, viscous mass, of dark color. 

C. The essential oil of labdanum, prepared by steam distillation of the 
crude gum. The resulting volatile oil is of golden-yellow color and power- 
ful odor, representing the odoriferous principles of the gum in most con- 
centrated form. 

D. The concrete and absolute of labdanum, prepared by extracting the 
dried twigs and leaves with volatile solvents, usually benzene. Large quan- 
tities of these concretes and alcohol-soluble absolutes are produced in the 
Grasse region of Southern France. They are employed in the perfume, 
cosmetic and soap industries. 

E. The essential oil obtained by steam distillation of the dried or fresh 
twigs and leaves themselves. This oil possesses a terpene-like odor, quite 
different from that of the plant exudation; it is, therefore, of little use in 
perfumery. Only small quantities are produced. 


A. Gum of Labdanum 


Producing regions lie in the northeastern part of Spain, near the Portu- 
guese frontier, in the provinces of Zamora and Leén, particularly in the 
triangle formed by the roads connecting Zamora, Benavente, and Mombuey. 
Today most of the gum labdanum is produced in this comparatively small 
section. Another potentially very: rich, but so far relatively little exploited, 
producing region lies in Andalusia, south of Seville. This agriculturally 
rich land, however, offers opportunities for other and more remunerative 
activities. 

The best time for collection of the plant material is the period of most 
intense heat, i.e., in July and August, because the plant then exudes a 
maximum of resin. At this season, however, the peasants are busy with 
their regular crops; as a consequence, they cut the labdanum, which grows 
wild on hillsides, during the winter months, when they have ample time. 
The cut twigs with adhering leaves are tied into bundles, dried for several 
weeks, and then boiled with water in large kettles for a number of hours. 
The gum resin softens under the influence of the boiling water, and rises 
to the surface as a dark scum, which is continually skimmed off with large 
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spoons, and poured into wooden molds. The soft gum thus collected is 
freed of water by repeated decantation and slight pressure. As time goes 
on, the gum hardens and blocks of about 10 kg. are cut out, wrapped in 
sack cloth, and stored in cellars. On aging, the gum loses more water and 
turns into a plastic, very dark mass. This represents the crude gum of 
labdanum offered by the trade (Droga de Jara). Spain produces from 15 
to 20 metric tons of labdanum per year. Frequently the gum is adulterated 
by the rural producers with all sorts of inert material—earth and even 
dried cow dung, for example. 

Crude gum of labdanum possesses a “heavy,” balsamic odor, somewhat 
reminiscent of ambergris. The ambergris note appears to become stronger 
as the gum ages; it is much less pronounced in freshly prepared gum. Being 
only partly soluble in alcohol, the crude gum cannot be used in its natural 
state in perfumery. It may be utilized in the form of alcoholic tinctures; 
these, however, are quite dark in color. 


B. Resinoid of Labdanum 


The other way of employing the gum in a convenient form is by prepar- 
ing alcohol-soluble resinoids. This can be done most easily by treating the 
crude gum with hot alcohol of high proof, cooling and filtering the solution, 
and concentrating the clear filtrate in a vacuum still. The very viscous 
resinoid possesses a balsamic, lasting, and ambergris-like odor. However, 
because of the very dark color, its application in perfumes, cosmetics and 
soaps is limited. 

A good grade of crude gum labdanum yields from 70 to 85 per cent of 
alcohol-soluble resinoid. According to Naves and Mazuyer,! resinoid of 
labdanum has these properties: 


Acid Number........ 76 to 112 
Ester Number....... 136 to 188 


C. Ou of Labdanum 


To isolate the odoriferous principles of gum labdanum in most concen- 
trated form, soluble in alcohol and light in color, the crude gum is sub- 
mitted to steam distillation, whereby the volatile or essential oil of lab- 
danum is obtained. The yield of oil depends upon the origin, quality and 
age of the gum; it is small and ranges from about 1 to 2 per cent. 

The oil, a somewhat viscous liquid of golden-yellow color, possesses a 
powerful, balsamic, very lasting odor, in dilution reminiscent of ambergris. 


1“T.es Parfums Naturels,” Paris (1939), 312. 
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Oils distilled under the author’s supervision in Seillans (Var), France, from 
imported Spanish gum, and by Fritzsche Brothers, Inc., New York, also 
from Spanish gum, had properties varying within these limits: 


Specific Gravity at 15°/15°.......... 0.947 to 0.980 

Optical Rotation.................0. +2° 20’ to +6° 32’, sometimes too dark to 
determine optical rotation 

Refractive Index at 20°............. 1.4919 to 1.5048 

Acid Number..................0005 18.8 to 59.7 

Saponification Number.............. 42.0 to 93.3 


Ketone Content, Calculated as Aceto- 
phenone (Hydroxylamine Hydro- 
chloride Method)...............6- 9.9 to 19.4% 
SOLIDI Miesndeeweoteadeeeueesad es Soluble in 0.5 vol. of 90% alcohol, usually 
opalescent to turbid with more 


Oil of labdanum (distilled from the gum) is a most valuable perfumer’s 
raw material. Because of its great strength it has to be dosed carefully. 
The oil is used in high-grade perfumes, to which it imparts characteristic 
and lasting notes, difficult to identify, if skillfully blended. Many modern 
perfumes, particularly those of the French type, contain oil of labdanum 
as one of the basic notes. The oil is used also in many specialties offered 
by European and American essential oil houses, and marketed as synthetic 
ambergris compounds. Moreover, it forms the base of the various “Clair 
de Labdanum” compositions, which reproduce the odor of the labdanum 
gum, but are of light color, soluble in alcohol, and less concentrated than 
the oil itself. 


D. Concrete and Absolute of Labdanum 


By far the most popular and widely used labdanum products are the 
so-called concretes and absolutes, large quantities of which are produced 
in the Grasse region of Southern France. Bundled dried twigs and leaves, 
which originate from Spain, Corsica, Morocco, or from the Estérel Moun- 
tains near Grasse, are extracted with volatile solvents, usually benzene 
(cf. Vol. I of this work, pp. 200 ff.). According to Naves and Mazuyer,? 
extraction with petroleum ether yields from 3 to 6 per cent of concrete, 
which on treatment with alcohol gives from 45 to 65 per cent of alcohol- 
soluble absolute. The concrete contains from 3.2 to 5 per cent of a steam- 
volatile oil which, however, is not a regular commercial article. Extrac- 
tion with benzene, the usual procedure, yields from 4 to 7 per cent of con- 
crete, which gives from 85 to 88 per cent of absolute. 


2 Ibid., 206. 
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For the production of concrete up to 250 metric tons of labdanum plants 
have been known to be processed, per year, in the Grasse region. 

The concretes obtained by extraction with benzene are dark green, solid 
masses. Two concretes produced under the author’s supervision in Seillans 
(Var), France, had the properties given below. Concrete (I) was extracted 
with benzene from dried plant material of Spanish (Zamora) origin, con- 
crete (II) from plants of French (Estérel Mountains) provenience: 


I II 
Acid Number........ 71.4 72.8 
Ester Number....... 95.7 94.3 


Absolute of labdanum is a brown-greenish, very viscous liquid, soluble in 
high-proof alcohol, with a most agreeable, balsamic, warm, and very lasting 
odor. Naves and Mazuyer® reported for an absolute of labdanum prepared 
in Provence (France): 


Acid Number........ 61.6 
Ester Number....... 84.9 


Absolute of labdanum is widely used in perfumes, cosmetics and soaps. 
It imparts warm, balsamic tonalities to perfume compositions, and at the 
same time acts as an excellent natural fixative. Its odor blends particu- 
larly well with chypre, fougére, clary sage, lavender, and pine compositions. 

Although steam-volatile oils from concrete or absolute of labdanum are 
not produced commercially, two oils of this type were obtained experi- 
mentally by Naves, Sabetay and Palfray,* who steam-distilled two (petro- 
leum ether) concretes of labdanum from Provence. The oils had these 
properties: 


Specific Gravity at 15°...... 0.987 1.003 

Optical Rotation........... — 4° 42’ —5° 50’ 

Refractive Index at 20°..... 1.4971 1.4936 

Acid Number.............. 31.0 46.2 

Ester Number............. 56.6 59.2 

Solubility.................. Soluble in 1 vol. of 90% 
alcohol 


E. Ou of Labdanum Leaves 


The volatile oil contained in the glandular hairs of the leaves and in the 
exudation on the leaves and twigs of the labdanum plant can also be iso- 
lated directly by steam distillation of the twigs and adhering leaves them- 
selves. However, samples of such oils examined by the author had a harsh 
odor of terpenes, the balsamic odor of the gum being quite concealed. For 


3 Ibid., 207. 
4 Perfumery Essential Oil Record 28 (1937), 336. 
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this reason, oils of this type are not produced on a large scale. They offer 
little interest to the perfume industry, but will be discussed here for scien- 
tific interest. Gildemeister and Hoffmann,’ and Igolen® described the 
properties of two oils distilled from fresh leaves (I and II), and those of 
oils distilled from dried plants (III and IV): 


I II III IV 

Specific Gravity at 15°......... 0.9223 0.917 0.9450 0.9443 
Optical Rotation. ............. —11° 12’ —9° 52’ — 2° 36’ — 3° 8’ 
Refractive Index at 20°........ ... 1.4878 1.4900 - 
Acid Number................. 5.31 3.73 16.8 14.56 
Ester Number................ 23.10 30.8 22.4 32.9 
Solubility in 90% Alcohol...... Soluble in Soluble in Soluble in 0.5 vol., with 

0.5 vol. 0.2 vol. turbidity up to 5 vol. 


Sabetay and Trabaud’ reported the properties of two volatile oils ob- 
tained in the Estérel Mountains (A.M., France) by steam distillation of 
freshly cut plant material: 

With Stems Without Stems 


Yield of Oil... 6034.4 hcaatiierdtscaak 0.059% 0.118% 
Specific Gravity at 15°.............. 0.9473 0.9270 
Optical Rotation................... —0° 50’ — 4° 20’ 
Refractive Index at 20°............. 1.4901 1.4838 
Acid Number...................055 9.3 6.5 
Ester Number...............-00000s 24.3 18.6 
Ester Number after Acetylation...... 104.5 97.07 
Solubility in 90% Alcohol........... Soluble with separation 
of paraffins 


CHEMICAL COMPOSITION OF LABDANUM PRODUCTS 


Little is known about the chemical composition of the volatile oil derived 
from gum labdanum, except that it contains two ketones and other still 
unidentified compounds. 


Acetophenone. Identified in the fraction b;, 85°-90° by Masson, who prepared the 
semicarbazone m. 207°. 


1,5,5-Trimethyl-6-cyclohexanone. From the fraction bis 70°-78° the same author 
obtained an oxime m. 106° which, on regeneration, yielded a ketone CoH;.O, 
b. 178°-179°, bio 66°-67°, do 0.922, ap +0°, n33 1.4494. The ketone reacted with 
sodium bisulfite; it gave a monobromide m. 41°, and a semicarbazone m. 220°— 
221°. On treatment with metallic sodium and moist ether, the ketone could be 
reduced to the corresponding secondary alcohol m. 51°, beg 87°. Oxidation of 
the ketone with a 3 per cent solution of potassium permanganate yielded geronic 


8 “Die Atherischen Ole,” 3d Ed., Vol. III, 247. 
6 Parfums France 16 (1937), 170. 8 Compl. rend. 164 (1912), 517. 
7 Ind. parfum. 8 (1950), 548. 
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acid bs; 190°-191°; semicarbazone m. 164°. The structural formula of geronic 
acid is: CH;-CO-CH;-CH:-CH:-C(CHs):: COOH. 
Ladaniol(?). Examining a gum labdanum from Crete, Emmanuel ® isolated an alcohol 


Ci7H»O, m. 89°, viz., ladaniol, which he thought to be related to guaiol (cf. 
Vol. II of this work, p. 278), without, however, giving any details. 


Other Compounds(?). According to Masson, the oil contains still other compounds, 
among them esters, phenols and sesquiterpenes, none of them, however, further 
characterized. 


As regards the chemical composition of the concrete and absolute of 
labdanum, no investigations have been undertaken. 

On the other hand, the volatile oil obtained in the Estérel Mountains 
by steam distillation of the leaves and twigs directly (labdanum leaf oil) 
has been examined by Sabetay and Trabaud,’° and Sabetay and Gilly,” 
who reported the presence of the following compounds: 


Terpenes(?). B. 154°-159°, dis 0.8594, a —30° 30’, n® 1.4725. No individual terpene 
could be identified. 


l-e-Pinene. According to Fesneau," 45 per cent of the oil boils below 160°. This 
fraction consists largely of --a-pinene which Feaneau identified by preparation of 
the nitrosochloride m. 103.5°-104.5°, and by oxidation to pinonic acid m. 64°-67° 
(semicarbazone m. 204°). 


Benzaldehyde. Characterized by means of its semicarbasone m. 238°. 


Other Aldehydes(?). Aside from benzaldehyde, the oil contained other aldehydes 
which reacted with bisulfite. 


Acetophenone. Identified through its semicarbazone m. 207°. 


Other Ketones(?). Aside from acetophenone, the oil contained other ketones, which 
combined with the reagent of Girard and Sandulesco. Among them was a ketone 
with a minty odor. It gave a semicarbazone m. 232°, and perhaps was identified 
with the ketone isolated by Masson from the oil of gum labdanum (see above). 


Eugenol. Characterized by means of its benzoate m. 68°. 


Other Phenols(?). Aside from eugenol, the oil contained other phenols which were not 
identified. Judging from its methoxy number, the phenol content of the oil was 
about 3.3 per cent. 


Ledol. On standing, the alcoholic fraction b7 127°-132°, a +7° 40’ of the oil deposited 
crystals m. 105°-106°, which were shown to be ledol (cf. Vol. II of this work, 
p. 280), a tricyclic tertiary sesquiterpene alcohol, which occurs in nature quite 
rarely. 


9 Arch. Pharm. 260 (1912), 111. 

10 Bull. soc. chim. [5], 10 (1943), 398. Ind. parfum. 6 (1950), 548. 

11 Bull. soc. chim. [5], 10 (1943), 398. Cf. Perfumery Essential Oil Record 41 (1950), 
65. Ind. parfum. & (1950), 548. Rec. trav. chim. 69 (1950), 545. 

12 Ind. parfum. & (1950), 315. 
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Acids. The acids occur in the oil as esters. Among the acids Sabetay and Trabaud 
identified acetic acid. The presence of formic acid is possible. The oil also con- 
tains an acid of rancid odor, but this has not yet been identified. 


Fesneau ** investigated a volatile oil obtained in Spain by direct steam 
distillation of freshly harvested labdanum leaves (yield 0.1 per cent to 0.2 
per cent), and reported the presence of these compounds: 


Diacetyl 
Furfural 
Cineole 
Borneol 


l-Pinene 


The oil contained 1 per cent of aldehydes (bisulfite method), and 1 per 
cent of phenols. 


UsE 


Of the various labdanum products described above, the most important 
ones are the concretes and absolutes. The alcohol-insoluble concretes lend 
themselves particularly well to soap work, acting as excellent natural fixa- 
tives, and at the same time imparting agreeable balsamic notes. The alco- 
hol-soluble absolutes are widely used in perfumes and cosmetics. They, 
too, are good fixatives and odor adjuncts, forming the base of many a com- 
position. The volatile oil derived from the gum has the most concen- 
trated and powerful odor among all the labdanum products. Its light color 
permits use in high-grade perfumes, to which the oil imparts exotic and 
alluring tonalities, if carefully blended and dosed. The resinoids, because 
of their very dark color, are limited in application. 


SUGGESTED ADDITIONAL LITERATURE 
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8S. Sabetay, “Constantes Analytiques des Essences Concrétes et Absolues de 
Ciste-Labdanum de L’Estérel,” Ind. parfum. 5, No. 1 (1950), 33. 
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OIL OF BLACK MUSTARD SEED 
(Oil of Mustard) 


Essence de Moutarde Aceite Esencial Mostaza Senfol 
Oleum Sinapis 


The seeds of Brassica nigra (L.) Koch and of Brassica juncea (L.) 
Czerniaew (fam. Cruciferae) contain fixed oils of mild taste, which can 
be isolated by expression of the seeds in hydraulic presses. The chemical 
composition of these fatty oils resembles that of oil of rapeseed (Brassica 
napus L.). 

Much more important than the fixed oils from the point of view of flavor 
are the volatile oils derived from the seeds of Brassica nigra and Brassica 
juncea. Both of these varieties are classified as “Black Mustard’ in the 
United States Pharmacopoeia and the United States Dispensatory. The 
volatile oils are not contained in the seeds, in the free state, but in the 
form of glucosides. To isolate them from the seed, it is necessary to remove 
the fixed oil by expression, to submit the pressed cake to fermentation, and 
to distill the fermented mass (see below). 

The volatile oil derived from black mustard seed (Brassica nigra or 
B. juncea) consists almost entirely of ally] isothiocyanate. This compound 
can also be prepared synthetically. In fact, most of the mustard oil or 
“Allyl Mustard Oil” offered on the market today consists of the synthetic 
product. The natural oil has lost much of its former importance. Official 
standard works in the United States recognize both the natural and the 
synthetic oils as “Volatile Oil of Mustard” or “Allyl Isothiocyanate.” It is 
required, however, to specify on the label whether the product is natural or 
synthetic. In both cases the actual content of CsH;NCS in the oil should 
not be below 93 per cent. 

For full information regarding natural and synthetic allyl isothiocyanate 
the reader is referred to Vol. II of the present work, p. 734. Suffice it here 
to discuss the production of the natural oil. 

Brassica nigra (L.) Koch, the “Black Mustard,” is a native of central 
and southern Europe and western temperate Asia. The plant, an annual, 
attains a height of 2 ft. or more. It is cultivated extensively in countries 
of temperate climate, particularly Holland and Italy, the seed from Holland 
being considered of best quality. 
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Brassica juncea (L.) Czerniaew, also called “Brown Mustard,” “Indian 
Mustard” or “Rai,” is cultivated in northern India, in Astrakhan, Sarepta, 
and other parts of southern Russia. The seed of this species closely re- 
sembles that of Brassica nigra, hence both are accepted as “Black Mustard” 
in the United States. The volatile oils derived from the seeds of the two 
species are practically identical. 

Production of the Volatile Oil—As was pointed out above, allyl isothio- 
cyanate does not occur in the seed as such, but in the form of a glucoside, 
viz., sinigrin (potassium myronate), which, in the presence of water and 
a ferment (viz., myrosinase), is hydrolyzed to allyl isothiocyanate, d- 
glucose, and potassium bisulfate: 


OSO3;K 
CHz—CH:-CH,:N=C 
Potassium Myronate \ 
S-CgH1105 


CH2—CH-CH2-N=C=S + CgH 1206 + KHSO, 
Ally] Isothiocyanate 


H,0 
——> 


According to Wrede, Banik and Brauss,' the empirical molecular formula 
CiopHigNS2KOyjo of the glucoside sinigrin (m. 128°) applies to the crystalline 
compound, which contains water. The formula should be resolved into 
CioHisNS2KO, + H2O. On boiling of the methy!] alcoholic solution, after 
addition of absolute alcohol, sinigrin (m. 179°), free of water, will be | 
obtained. This latter form of the glucoside is readily soluble in water. 
Hérissey and Boivin? succeeded in preparing pure sinigrin [@]p —17° 25’ 
(in 82-83% alcohol). 

The structural formula for sinigrin, pictured above, was established by 
Gadamer.® 

As regards the ferment myrosinase, Heiduschka and Pyriki‘ carried out 
experiments in an attempt to prepare a ferment of high potency. 

The hydrolysis of the glucoside sinigrin does not always proceed smoothly 
according to the scheme pictured above, and side reactions may take place. 
Thus, allyl cyanide and carbon disulfide may be formed. Many years ago 
Schmidt ® observed that the allyl isothiocyanate may be accompanied by 
small quantities of the isomer, allyl thiocyanate, if fermentation is con- 
ducted at low temperature. Perhaps allyl thiocyanate is always formed 


1Z. physiol. Chem. 126 (1923), 210. 

2 J. pharm. chim. [8], 6 (1927), 337. 

8 Arch. Pharm. 286 (1897), 47. Ber. 80 (1897), 2322, 2328. 
4 Arch. Pharm. 264 (1926), 694. 

5 Ber. 10 (1877), 187. 


Google 


OIL OF BLACK MUSTARD SEED 57 


first in the course of the hydrolysis of sinigrin; but at higher temperatures 
the allyl thiocyanate is converted to allyl isothiocyanate. Billeter*® ex- 
pressed the opinion that the reaction proceeds in these steps: 


S—C=N S—C—N S=—C=N 
| et b fn ee | 
CH2-CH=CH, CH z-CH-CH, CH»=CH-CH, 


Several factors influence the fermentation process. These should be care- 
fully considered in order to obtain a high yield and quality of volatile 
mustard oil: 


1. Duration of maceration. According to experiments carried out by 
Viehoever,’ maceration of the pressed cake for a period exceeding 2 hr. 
results in an abnormally low yield of volatile oil. Rosenthaler * explained 
this on the following theoretical grounds: 

(a) Hydrolytic decomposition of the formed allyl isothiocyanate, possibly 
as a result of influence of a ferment; (b) decomposition of allyl isothiocya- 
nate into allyl cyanide and sulfur; (c) addition reaction between the ally! 
isothiocyanate and other compounds; (d) decomposition of the allyl isothio- 
cyanate by means of bacteria. 

2. Condition of the pressed cake. Lasausse ® found that the yield of oil 
depends greatly upon the particle size of the ground pressed cake. The 
smaller the particles, the higher will be the yield of oil. 

3. The temperature at which the fermentation is conducted. Experiment- 
ing with different temperatures, Astruc and Mousseron’® arrived at the 
conclusion that at 70°C. the yield of oil increases to more than twice 
that obtained at 20°. However, at a temperature higher than 70°, hydrolysis 
stops, because at 75° the ferment myrosinase becomes ineffective. 

4. Potency of the ferment. It has been claimed in literature that black 
mustard does not contain sufficient ferment (myrosinase) to split all of the 
glucoside (sinigrin) present; the addition of some white mustard (Brassica 
alba Coles) has been recommended to obtain a higher yield of volatile oil. 
According to the findings of Greenish and Bartlett," this is not necessary; 
black mustard seed contains more than sufficient myrosinase to split all 
the sinigrin contained in the seed. The same authors found that even 
six-year-old black mustard seed still had a normal myrosinase content. 

6 Helv. Chim. Acta 8 (1925), 337. 

7 J. Assocn. Official Agr. Chem. 8 (1920), 381. 

8 Schweiz. Apoth. Ztg. 62 (1924), 508, 519. 

® Ann. fals. 20 (1927), 328. Brit. Chem. Abstracts 46 (1927), B. 667. 


10 J, pharm. chim. [8], § (1927), 313. 
11 Pharm. J. 88 (1912), 203. 
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Greenish and Bartlett ?? also confirmed the earlier contention of Brioux ?* 
that addition of a small quantity of sodium fluoride to the fermentation 
mass influences the hydrolysis favorably. As little as 0.4 per cent of sodium 
fluoride is sufficient to destroy all microorganisms that may have a harmful 
influence upon the ally! isothiocyanate formed in the course of fermentation. 

5. The type of apparatus. Fermentation should be carried out in well- 
enameled tanks. Copper must be avoided, because on prolonged contact 
with metallic copper, allyl isothiocyanate is converted into allyl cyanide 
and copper sulfide: 


CsH;NCS +Cu- C3H;CN + CuS 


Under these circumstances so much allyl cyanide (di75 0.835) may be 
formed that the final volatile oil will have a specific gravity below 1.0 
(Will and Korner ?*). 


According to Marta and Halley,*® the enzymes responsible for the split- 
ting of the thioglucosides have a specific action on the thioglucoside com- 
plex. These enzymes consist of two components: one of them is sulfatase, 
the enzyme responsible for the potassium bisulfate; the other is thioglu- 
cosidase, the enzyme causing the splitting of the thioglucoside linkage. In 
the seeds, the myrosinase and the thioglucosides occur in different cells; 
hence the seeds usually must be crushed to bring about hydrolysis. If well 
preserved, seeds will retain their active principles for a long time. 

The yield of volatile oil ranges from 0.5 to more than 1.0 per cent. Huber 
and van der Wielen ?* obtained 1.23 per cent of oil from Dutch seed, 0.87 
per cent from Italian, 0.63 per cent from Russian, and 1.07 per cent from 
Bombay seed. Koblic*” found that Czechoslovakian seed had a mustard 
oil content of 0.775 per cent, Roumanian seed 0.524 per cent. 

Assay of Volatile Oil Content in the Seed.—For the quantitative de- 
termination of the volatile oil contained in mustard seed, the Association 
of Official Agricultural Chemists ** specifies the following method: 


“Place 5 g. of ground seed (No. 20 powder) in 200 ml. flask, add 100 ml. of 
H,O, stopper tightly, and macerate for 2 hours at ca. 37°. Add 20 ml. of 
alcohol and distill ca. 60 ml. into 100 ml. volumetric flask containing 10 ml. of 
NH,OH (1 + 2), taking care that end of condenser dips below surface of soln. 


12 Ibid. 

18 Ann. chim. anal. chim. appli. 17 (1912), 6. 

14 Tiebigs Ann. 126 (1863), 278. 

18 J, Biol. Chem. 96 (1932), 443. Cf. Kosker, Fellers, and Esselen, Jr., Glass Packer 28 
(1949), 818. 

16 Pharm. Weekblad 82 (1915), 1410. 

17 Sbornik Ceskoslov. Akad. Zemédélske 15 (1940), 94. Chem. Abstracts 87 (1943), 


502. 
18 “Official and Tentative Methods of Analysis,” 6th Ed. (1945), 542. 
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Add 20 ml. of 0.1 N AgNO, to distillate, set aside overnight, heat to boiling on 
water bath in order to agglomerate (Ag).S, cool, make to 100 ml. with H,0O, 
and filter. Acidify 50 ml. of filtrate with ca. 5 ml. of HNO, and titrate with 
0.1 N NH,CNS, using 5 ml. of 10% FeNH,(SO,).°12H,0 as indicator. 1 ml. 
of 0.1 N AgNO, consumed = 0.004956 g. of allyl isothiocyanate.” 


Other methods for the assay of the volatile oil content of mustard seed 
have been described by Terry and Curran,’® André and Kogane-Charles,”° 
and by Bohme.”! 

Physicochemical Properties.—The volatile oil derived from the seed of 
black mustard is a mobile, colorless to yellowish, optically inactive liquid, 
highly refractive to light. It possesses an acrid taste and a most pungent, 
irritating, lachrymatory odor. On the skin the oil forms blisters. Great 
care must be exercised when tasting or smelling the oil; neither should be 
done unless the oil is diluted. 

Gildemeister and Hoffmann ” reported these properties for oil of mustard: 


Specific Gravity at 15°............ 1.014 to 1.022, occasionally as high as 1.030. 
The specific gravity is influenced by the fac- 
tors discussed above (see section ‘Production 


of the Volatile Oil’’) 
Optical Rotation................. +0° 
Refractive Index at 20°........... 1.52681 to 1.52908 
Allyl Isothiocyanate Content...... 94% 33 
Boiling Range at 760 mm......... Mostly between 148° and 154° 
Solubility.................. 000005 Soluble in 160 to 300 parts of water. Soluble in 


7 to 10 vol. of 70% alcohol; in 2.5 to 3 vol. of 
80% alcohol; in 0.5 vol. of 90% alcohol. 
Clearly miscible with ether, amyl alcohol, ben- 
zene and petroleum ether in all proportions 


Regarding the changes which take place on aging of the oil, exposure to 
air and light, contact with metals, etc., see Vol. II of the present work, p. 736. 

Quantitative Determination of Allyl Isothiocyanate.—See Vol. I of this 
work, p. 303. 

Chemical Composition.—If prepared under normal conditions, the vola- 
tile oil derived from black mustard seed contains about 94 per cent of allyl 
zsothiocyanate; the balance consists of allyl cyanide and carbon disulfide. 
(For the quantitative assay of carbon disulfide in mustard oil, see the 
methods of Hofmann,”* and Macagno.**) 

19 Analyst 64 (1939), 164. 

20 Compt. rend. 222 (1946), 103. 

21 Pharm. Zentralhalle 87 (1948), 209. Cf. Ber. Variochem. Schimmel (1950), 104. 
22 “Die Atherischen Ole,” 3d Ed., Vol. II, 761. 

28 Ber. Schimmel & Co. (1948), 101. 

24 Ber. 18 (1880), 1732. 


25 Z. anal. Chem. 21 (1882), 133. Cf. Gildemeister and Hoffmann, “Die Atherischen 
Ole,” 3d Ed., Vol. II, 764. 
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Years ago, Pomeranz 7° expressed the opinion that natural mustard oil 
contains not only allyl isothiocyanate CH.—CH-CH.:N=C=S, but also 
the isomeric propeny] isothiocyanate CHs-CH=CH-N=C=S. According 
to Gildemeister and Hoffmann,” this is true of the synthetic oil, but for the 
natural oil no definite proof has yet been adduced. 

In 1910, Schimmel & Co.** examined a mustard oil which they had pre- 
pared from the seed of Brassica juncea and found that it possessed quite 
abnormal properties (dis 0.9950, ap +0° 12’, n® 1.51849) and an unusual 
boiling range (b. 40°-150°, 7%; b. 150°-160°, 30%; b. 160°-174°, 20%; 
b. 174°-178°, 40%). Unlike normal mustard oil, only insignificant quan- 
tities of which distill below 155°, the oil derived from Brassica juncea was 
not a uniform substance. It contained about 50 per cent of crotonyl mustard 
oil (y-butenyl isothiocyanate, cf. Vol. II of the present work, p. 738), and 
only 40 per cent of allyl mustard oil (allyl isothiocyanate), instead of more 
than 90 per cent of the latter, as do normal oils. The abnormal oil also 
contained a compound probably identical with allyl cyanide, and traces 
of dimethy] sulfide. Schimmel & Co. offered no explanation for the abnormal 
composition of this oil. 

A few years ago, Schmalfuss and Miiller 2° reported that the volatile oil 
distilled from the seed of Sarepta mustard (Brassica juncea) contains only 
allyl mustard oil, but no crotony! mustard oil. 

Use.—Oil of mustard is used widely in the flavoring of all kinds of food 
products—table sauces, salad dressings, etc. 

Being a powerful rubefacient, it forms the active ingredient in mustard 
plasters and other medicinal preparations. (Cf. United States Dispensatory. ) 

Recently Kosker, Fellers, and Esselen, Jr.*° found that the addition of 1.1 
to 2.2 per cent of mustard oil, or its equivalent in ground mustard, to fresh 
apple cider exerts a favorable preservative effect in retarding fermentation. 


SuGcEsTED ADDITIONAL LITERATURE 


O. von Schoerebeck, “Chemical and Physiological Investigations of Mustard 
Plants, Mustard Seeds and Mustard Oils,” Biedermanns Zentr. B. Trerernahr. 8 
(1936), 373. Chem. Abstracts 31 (1937), 174. 


26 Tnebigs Ann. 361 (1907), 354. 

27“TDie Atherischen Ole,” 3d Ed., Vol. II, 763. 

28 Ber. Schimmel & Co., October (1910), 112. 

29 Forschungsdienst 17 (1944), 205. Chem. Zentr. (1944), II, 776. 
80 Glass Packer 28 (1949), 818. 
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OIL OF WHITE MUSTARD SEED 


Brassica alba Boiss. (fam. Cruciferae), the so-called “White” or “Yellow 
Mustard,” is a native of southern Europe and western temperate Asia. 
It seldom exceeds 2 ft. in height. The plant is an annual, cultivated now 
in many countries with a temperate climate. It requires well manured soil. 
In Great Britain the seedlings are often used in salads of the “Mustard and 
Cress” type.? 

Unlike that derived from black mustard (Brassica nigra and B. juncea), 
the fixed or fatty oil expressed from the seed of the white mustard has a 
mildly burning taste; hence the use of white mustard seed in our common 
table mustards. The seed of the white mustard adds pungency to this 
preparation; that of the black mustard is required for aroma. 

As in the case of black mustard, the essential oil of white mustard is not 
contained in the seed in the free state, but in the form of a glucoside. To 
free the essential oil, the fixed oil must first be removed from the seed by 
expression. The residual pressed cake is then powdered and submitted 
to fermentation, whereby the glucoside sinalbin is split into sinalbin mustard 
oil (p-hydroxybenzyl mustard oil), d-glucose and sinapin bisulfate: 


C3oH4201sN282 + H20 — C;HzONCS + CeH1206 + CisHasNOsHSO, 
Sinalbin Li eerpeer d-Glucose Sinapin Bisulfate 


Sinalbin mustard oil, or p-hydroxybenzyl mustard oil, is only sparingly 
volatile with steam. Therefore the essential oil cannot be isolated from the 
fermentation mass by distillation; extraction with volatile solvents has to 
be resorted to. (Because of the very low volatility of the sinalbin mustard 
oil, white mustard seed crushed and triturated with water has a strong 
pungency, but almost no odor,) 

For further details regarding sinalbin mustard oil, the reader should 
consult Vol. II of the present work, p. 742. 


SUGGESTED ADDITIONAL LITERATURE 


i. André, “Mustard Oil from the Seed of the White Mustard, p-Hydroxybenzy] 
Isothiocyanate,” Ann. agron. 19 (1949), 764. Chem. Abstracts 44 (1950), 1230. 


2H. 8. Redgrove, “Spices and Condiments,” Sir Isaac Pitman and Sons, Ltd., London 
(1933), 300. 
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A. L. Winton and K. B. Winton, “The Analysis of Foods,” John Wiley and Sons, 
Inc., New York (1945). 

O. Kosker, C. R. Fellers, and W. B. Esselen, Jr., “Mustard as a Preservative for 
Fruit Juices,” Glass Packer 28 (1949), 818. 


OIL OF RADISH 


Distilling the root of the white radish Raphanus sativus L. var. albus DC. 
(fam. Cruciferae), Heiduschka and Pyriki? obtained from 0.032 to 0.035 
per cent of volatile oil; the root of the black radish Raphanus sativus L. 
var. niger DC. yielded from 0.038 to 0.40 per cent of oil. In a later investi- 
gation, Heiduschka and Zwergal ? obtained 0.01 to 0.02 per cent of essential 
oil, respectively, from the roots of the white and the black radish. 

According to the last-named authors, the oil consists chiefly of butyl- 
crotonyl isothiocyanate sulfide CyHizNSe or CyHisNSse, 1.e., (CHs-CHa: 
CH,:CH2:S:CH=CH:CH,:CH2: N=C=S) (?), bao 140°-142° (a com- 
pound with a pungent odor and a flavor characteristic of fresh radishes), 
and of a thiocyanate beg 150°, a substance with a salve-like consistency. 
This thiocyanate probably belongs to the aromatic series of hydrocarbons. 
Despite intensive research, Heiduschka and Zwergal did not succeed in con- 
firming the presence of the so-called “Raphanol” m. 62°, which years ago 
had been reported as a component of the oil by Moreigne.® 

According to Nakamura,‘ the disagreeable odor of radish oil is caused by 
the presence of methyl mercaptan. 

In the volatile oil derived from the green leaves of the radish plant, Takei, 
Sakato and Ono ® identified 2-heren-1-al (“leaf aldehyde’), 3-hexen-1-ol 
(“leaf alcohol’’), and small quantities of n- and tsobutyraldehyde, and iso- 
valeraldehyde. 

From the seed of Raphanus sativus L. var. albus, Schmid and Karrer ° 
isolated sulforaphene, a mustard oil containing a sulfoxide group and possess- 
ing this formula: 

1 Arch. Pharm. 264 (1926), 693. 

2 J. prakt. Chem. [2], 182 (1931), 201. 

8 Bull. soc. chim. [3], 15 (1896), 797. 

4 Biochem. Z. 164 (1925), 31. 

5 Secs. Papers Inst. Phys. Chem. Research Tokyo 28, Nos. 482-497 (1934). Chem. 


Abstracts 28 (1935), 3178. 
6° Helv. Chim. Acta 81 (1948), 1017, 1087. 


Google 


OIL OF HORSERADISH 63 
CH, 6-CH=CH-CHy- Cis N=O=8 


O 
Sulforaphene occurs in the seeds as a glucoside. 
Schmid and Karrer also isolated 4-methylsulfoxide-S-butenyl cyanide 


O 
is a cleavage product of the mustard oil glucoside occurring in the seed. 


According to the author’s knowledge, oil of radish is not produced at 
present on a commercial scale. 


OIL OF HORSERADISH 


According to Gadamer,’ the pungent odor and flavor of the root of Coch- 
learia armoracia L., now classified as Armoracia lapathifolia Gilib. (fam. 
Cruciferae), the common horseradish, is probably caused by the presence 
of sinigrin, a sulfur-containing glucoside (see Vol. II of the present work, 
p. 734), which in the presence of water and under the influence of a 
peroxidase? yields allyl mustard oil. Distillation of the triturated root 
gives about 0.05 per cent of volatile oil. 

That sinigrin is actually the parent substance of the volatile horseradish 
oil was recently proved by Stoll and Seebeck,’ who obtained 10.6 g. of 
sinigrin by extracting 3 kg. of fresh horseradishes with methanol at a 
temperature of 10°C. The purified sinigrin melted at 127°-128° (with 
decomp.). Sinigrin is split enzymatically by myrosinase, which occurs in 
the seed of white mustard. 

Extracting comminuted fresh horseradish root with benzene, Chiris‘* ob- 
tained 2 per cent of a semisolid concrete which, on steam distillation, yielded 
a volatile oil with these properties: 


Refractive Index at 20°....... 1.505 
Acid Number................ 33.6 
Ester Number............... 91 


1 Arch. Pharm. 288 (1897), 577. Cf. Kriiger, “Der Meerrettich und seine Geschichte,” 
Mitt. Geschichte Med. Naturw. 21 (1922), 183. 

2Cf. Willstatter and Stoll, Liebigs Ann. 416 (1918), 21. 

8 Helv. Chim. Acta 81 (1948), 1432. 

4 Parfums France 16 (1987), 228. 
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Sulfur Content (Determined by 
Oxidation)..............6.. 17.8% 


Steam-distilling the comminuted roots of Cochlearia armoracia L., and 
extracting the distillation waters with ether, Heiduschka and Zwergal 
obtained from 0.146 to 0.216 per cent of an essential oil which contained 
the following compounds: 


Allyl Isothiocyanate. The principal constituent, b. 150° (cf. Vol. II of the present 
work, p. 734). 


Phenylethy] Isothiocyanate. From one-fifth to one-quarter of the oil consisted of 
this compound, by, 140°-142° (cf. Vol. II of this work, p. 741). 


Phenylpropyl] Isothiocyanate CyoHi,NS. A mass of salve-like consistency, bis 163°- 
166°. Only traces of this compound were present in the oil. 


According to the author’s knowledge, oil of horseradish is not produced 
commercially. 


5 J. prakt. Chem. [2] 182 (1931), 201. 
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OIL OF GARLIC 


The bulbs or cloves of the common garlic Allium sativum L. (fam. 
Liliaceae) have been used since antiquity, particularly in Mediterranean 
countries, as a popular prophylactic and curative against all kinds of intes- 
tinal ailments (chronic infections of the stomach and the intestines, dysen- 
tery, typhoid fever, cholera, etc.), and even against arteriosclerosis and 
hyperpnea. Phoenician sailors carried good stocks of garlic on their long 
sea voyages, and the Romans complained about the bad breath of Phoenician 
emissaries. Because of the considerable curative power of garlic, many 
attempts have been made to isolate its antibacterial principle. It is only 
recently, however, that this has been achieved with the identification of 
allicin. 

It is a well-known fact that whole (undamaged) bulbs of garlic possess 
a relatively weak odor. However, when cut up or crushed, the bulbs emit 
their well-known, powerful and obnoxious odor, due to an essential oil 
consisting chiefly of disulfides. 

The essential oil of garlic was first prepared more than a century ago by 
Wertheim,? who reported that it consists largely of ally] sulfide (C3Hs)S. 
However, about fifty years later, Semmler ? found that the oil contains no 
allyl sulfide at all, but a number of disulfides and trisulfides, among them 
chiefly dially! disulfide (see below). Steam-distilling fresh garlic bulbs, 
Wertheim, and Semmler, obtained from 0.1 to 0.2 per cent of volatile oil. 
Distillation of the whole plant gave from 0.05 to 0.09 per cent of oil 
(Schimmel & Co.) .8 

In 1909 Rundqvist ‘ advanced the theory (later disproved) that the parent 
substance from which the disulfides originate after crushing of the garlic 
bulbs, is a glucoside. This substance he named alliun; he did not, however, 
succeed in isolating it in pure form. 

The actual mechanism of the reaction, by which the antibacterial principle 
of garlic, and the disulfides in the volatile oil, originate, was finally eluci- 
dated only a few years ago through the brilliant work of Cavallito and his 
collaborators,® and Stoll and Seebeck.* Their findings can be summarized 
as follows: 

1 Liebigs Ann. 61 (1844), 289; 68 (1845), 297. 

2 Arch. Pharm. 280 (1892), 434. 

3 Ber. Schimmel & Co., October (1889), 52; October (1890), 25. 
4 Pharm. Notisblad 18 (1909), 323. Apoth. Ztg. 26 (1910), 105. 


8 J. Am. Chem. Soc. 66 (1944), 1950, 1952; 67 (1945), 1032. 
6 Experientia 8 (1947), 114. Helv. Chim. Acta 81 (1948), 189; 82 (1949), 197, 866. 
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The antibacterial principle of Allium sativum L. is allicin: 
a aa 


Allylsulfinyl-allyl Sulfide 


(For details re Allicin see Vol. II of this work, p. 733.) 

Allicin does not occur as such in whole garlic bulbs, but in the form of 
a thermostable precursor, viz., allun CgH1:03NS, %H.2O, m. 163°-165°, 
[a]?! +62° 48’ (c =2), easily soluble in water. Alliin in crystalline form 
has this structural formula: 


NHg 


Alliin itself does not possess any bactericidal properties. However, when 
garlic cells are crushed, alliin, under the influence of the lyoenzyme allunase, 
is rapidly broken down to the antibacterial allicin. The typical odor of 
garlic appears when the lyoenzyme converts the alliin to allicin. 

Allicin is rather unstable; it can be isolated by steam distillation only at 
reduced pressure. Allicin possesses an odor characteristic of garlic but is 
not obnoxious. On steam distillation at atmospheric pressure allicin is 
decomposed to diallyl disulfide and other disulfides, which explains why the 
volatile garlic oil obtained by steam distillation of the bulbs or of the 
whole plant consists chiefly of disulfides. In the fermentation cleavage 
of alliin, the parent substance present in the uncrushed material, allicin is 
therefore only an intermediary product, being finally converted into the 
obnoxious disulfides so characteristic of the volatile oil: 

Alliin 2°» Alticin “2*"°3 njialtyl disulfide and other sulfides 
Alliinase 

According to Stoll and Seebeck, allyl sulfenic acid and a-aminoacrylic 
acid are intermediates in the enzymic splitting of alliin (2 mols.), while 
pyruvic acid and ammonia, together with diallyl disulfide, are among the 
end-products. 

(For details of the reaction, the reader is referred to the original literature, 
particularly to the work by Stoll and Seebeck.’) 

Physicochemical Properties of Garlic Oil_Because of its offensive odor, 
only a few samples of garlic oil appear to have been examined. Gildemeister 
and Hoffmann ® reported these meager data: 


7 Helv. Chim. Acta $2 (1949), 197. Chem. Abstracts 48 (1949), 3482. 
8“TDie Atherischen Ole,” 3d Ed., Vol. II, 407. 
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Specific Gravity at 15°.......... 1.046 to 1.057 
Optical Rotation............... +0° 


Shipments of genuine oil of garlic examined by Fritzsche Brothers, Inc., 
New York, had the following properties: 


Specific Gravity at 15°/15°...... 1.055 to 1.098 
Refractive Index at 20°......... 1.5578 to 1.5745 


Chemical Composition.—Semmler ® and other workers reported the pres- 
ence of these compounds in volatile garlic oil: 
Diethyl Disulfide. Very small quantities. 
Allylpropy] Disulfide(?). The oil investigated by Semmler contained about 6 per cent 
of a disulfide CgHi:S2, big 66°-69°, which was probably allylpropyl disulfide 
(ef. Vol. II of this work, p. 731). 
Diallyl Disulfide(?). The chief constituent (about 60 per cent) of the oil was a disul- 


fide CeHioSe2, bie 79°-81°, dis.s 1.0237, probably diallyl disulfide (cf. Vol. II, 
p. 731). 


Diallyl Trisulfide(?). A compound CgHioSs, big 112°-122°, dis 1.0845, amounted to 
about 20 per cent of the oil and was probably diallyl trisulfide (cf. Vol. II, p. 731). 


Diallyl Polysulfide(?). The distillation residue contained polysulfides, probably di- 
allyl polysulfide CeH10S,(?). 


According to U. S. Patent 2,554,088 (C. J. Cavallito, 1951), the residue 
of garlic, obtained by alcoholic extraction, and distillation, contains a bac- 
teriostatic and bactericidal substance identified as allyl disulfide omde. 

Use.—Oil of garlic has lately come to be appreciated as a valuable 
flavoring agent, for use in all kinds of meat preparations, soups, canned 
goods, and table sauces. 


SuGGESTED ADDITIONAL LITERATURE 


A. Stoll and E. Seebeck, “Specific Constituents of Garlic,” Scientia pharm. 18 
(1950), 61. 
M. B. Jacobs, “A Study of the Garlic Flavor,” Am. Perfumer 57 (1951), 301. 


9 Arch. Pharm. 280 (1892), 434. Cf. Stoll and Seebeck, Helv. Chim. Acta $1 (1948), 189. 
Cf. Fenerolli, Rivista ital. essenze profumi 6 (1923), 28; Laland and Havrehold, 
Z. phys. Chem. 221 (1933), 180. 
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OIL OF ONION 


On steam distillation, the bulbs of Allium cepa L. (fam. Liliaceae), the 
common onion, yield a volatile oil of pungent and very lasting odor. The 
content of oil differs greatly and depends upon the variety of the onion. 
Arasimovich and Ivanova? noted yields of oil ranging from 0.018 to 0.04 
per cent in different Russian onion varieties. Distilling common kitchen 
onions, Haensel ? obtained 0.015 per cent of a brown oil which remained 
turbid even after warming. It had these properties: 


Specific Gravity at 35°...... 0.9960 

Optical Rotation........... —3° 40’ 

Solubility.................. Difficultly soluble in the usual sol- 
vents 


Distilling dried onion plants, Chiris * obtained 0.05 per cent of a brownish 
semisolid oil which, on standing, separated a crystalline deposit. The oil 
had the following properties: 


Specific Gravity at 15°...... 1.0118 

Optical Rotation at 18°..... +1° 30’ 

Refractive Index at 20°..... 1.5236 

Solubility.................. Soluble in 0.1 vol. of 95% alcohol, 
with pronounced turbidity 


Shipments of genuine onion oils distilled from bulbs in the United States, 
and analyzed by Fritzsche Brothers, Inc., New York, exhibited properties 
varying within the following limits: 


Specific Gravity at 15°/15°....... 1.047 to 1.098 
Optical Rotation................ +1° 3’ to +3° 53’ 
Refractive Index at 20°.......... 1.5373 to 1.5588 
Acid Number................6- 12.0 to 19.8 


Carbonyl Number (Hydroxylamine 
Hydrochloride Method—1 hour). 9.8 to 15.1 
Iodine Number (% hour)......... 59.9 to 66.2 
Solubility...... 0.0... cece cece eee Most oils not completely soluble in 
10 vol. of 95% alcohol. Occa- 
sionally soluble in 1 to 2 vol. and 
more of 95% alcohol 


1 Doklady Vsesoyuz. Akad. Sel’sko-Khoz. Nauk tm Lenina (1939), No. 5-6, 17-22. 
Khim. Referat. Zhur. (1940), No. 3, 66. Chem. Abstracts 36 (1942), 2373. 

2 Apoth. Ztg. 18 (1903), 268. 

8 Parfums France 15 (1937), 228. 
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Chemical Composition.—Little is known about the chemical composition 
of the volatile onion oil. Semmler * isolated, as chief constituent, a disulfide 
CoHi2S0, big 75°-83°, dig 1.0234, which, on reduction with zine dust, gave 
a substance CHS, b. 130°. Reduction of the disulfide C.gH.S. with 
nascent hydrogen yielded a disulfide CgH4Se, bio 68°-69°. 

The oil furthermore contains a higher sulfide which, on reduction with 
zine dust, also yields CgHi25. Semmler® observed in the oil still another 
sulfur-containing compound, identical perhaps with one of the high boiling 
constituents present in oil of asafoetida (cf. Vol. II of the present work, 
p. 730-1). According to Semmler, the oil does not contain any terpenes 
or allyl sulfide. 

Examining freshly pressed juice of common onions, Kooper * identified 
thiocyanic acid and allyl thiocyanate. 

Use.—Although known for a long time, oil of onion has only recently 
been produced on a commercial scale. The oil is now used as an important 
ingredient in the flavoring of meats, sausages, soups, tablesauces, and all 
kinds of culinary preparations. 


CONCRETE AND ABSOLUTE OF HYACINTH 


Years ago Hyacinthus orientalis L. (fam. Liliaceae) was cultivated on a 
commercial scale in the Grasse region of Southern France for the extraction 
of its flower oil. Hyacinth plantings were located near Grasse, Vence, 
Le Bar, Tourette, Callian, Mouans-Sartoux, Valbonne, etc. In addition to 
the cultivated Hyacinthus orientalis, extraction plants in Grasse also treated 
the blue hyacinth (Hyacinthus non scriptus L., Scilla nutans Sm.), which 
grows wild in olive groves and meadows. According to Naves and Mazuyer,? 
the perfume of the latter is fresher, more flowery, but less pronounced than 
that of the cultivated variety. From 1920 to 1928, up to 80 metric tons 
of hyacinth flowers were processed in Grasse per year. Since then the 
quantity has declined almost to nil. 

Another producing region for the cultivated hyacinth lies in Holland, 
4 Arch. Pharm. 280 (1892), 443. 

5 Ibid. 


6 Z. Untersuch. Nahr. Genussm. 19 (1910), 569. 
1“Les Parfums Naturels,” Paris (1939), 221. 
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between Haarlem and The Hague, from where large quantities of bulbs 
and cut flowers are exported to florists in various parts of Europe. In 1926, 
an essential oil house in Holland treated 85 metric tons of flowers for the 
extraction of their perfume. As in Southern France, production of hyacinth 
flower oil in Holland has been greatly curtailed. 

In the Grasse region extraction of cultivated hyacinth flowers with petro- 
leum ether yields from 0.13 to 0.22 per cent, in most cases from 0.17 to 0.20 
per cent of concrete, which on treatment with alcohol in the usual way 
gives from 10 to 14 per cent of alcohol-soluble absolute (cf. Vol. I of this 
work, pp. 200 ff.). The concrete contains from 1.8 to 3.0 per cent of steam- 
volatile oil, which, however, has never been a commercial article. The wild 
growing hyacinth gives a higher yield of concrete (0.19 to 0.23 per cent) 
than the cultivated. It is claimed that light-colored flowers contain more 
perfume than the darker colored (Naves and Mazuyer ”). 

Concrete of hyacinth is a solid waxy mass with a color ranging from 
greenish-brown to dark brown. 

Naves, Sabetay and Palfray® (I and II) steam-distilled two concretes 
from the Grasse region; Hoejenbos and Coppens‘ (III) a concrete of 
Netherlands origin, and obtained volatile oils with these properties: 


I IT Ill 
Specific Gravity at 15°............. 1.037 1.029 1.0423 
Optical Rotation at 20°............ —0° 44’ —1° 12’ —0° 12’ 
Refractive Index.................. 1.4998 1.5021 1.4981 
Acid Number..................05- 3.6 2.8 3.0 
Ester Number.................... 152.1 136.1 143.0 
Ester Number after Acetylation..... ... Bee 272.0 


Chemical Composition.—Examining an absolute of hyacinth prepared 
by Spalteholz in Haarlem (Holland), Enklaar ° reported the presence of the 
following compounds: 


Benzy!] Benzoate. 

Benzyl Alcohol(?). In free form. 
Cinnamy! Alcohol(?). In ester form. 
Vanillin(?). 


A Basic Substance(?). Did not contain nitrogen. It exhibited fluorescence. 


2 Ibid. 

8 Perfumery Essential Ou Record 28 (1937), 336. Cf. Vol. I of the present work, p. 215. 
4 Rev. marques 9 (1931), 583, 624. 

5 Chem. Weekblad 7 (1910), 1. 
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More recently, Hoejenbos and Coppens® identified a number of com- 
ponents in the steam-volatile oil which they had obtained from a concrete 
of Netherlands origin (see above): 


Alcohols. Phenylethy] alcohol, benzyl alcohol, cinnamyl alcohol, and n-heptanol(?). 
Aldehydes. Benzaldehyde, cinnamaldehyde, and n-heptaldehyde(?). 
Acids. Benzoic acid. 


Esters. Benzyl acetate, benzyl benzoate, cinnamy] acetate, methyl-(or ethyl?)-o- 
methoxy-benzoate. 


Phenols and Phenol Ethers. Eugenol, methyleugenol, hydroquinone, hydroquinone 
dimethyl] ether. 


Basic Substances. Dimethyl! anthranilate. 
Lactones. Absent. 


Use.—In the past, when it was still produced, absolute of hyacinth 
formed a valuable adjunct in high-grade perfumes of floral as well as oriental 
type. Of late the natural product has been replaced by synthetic com- 
positions, based chiefly upon phenylacetaldehyde (see Vol. II of this work, 
p. 353). 


CONCRETE AND ABSOLUTE OF LILY 


Lilium candidum L. (fam. Liliaceae), the common Easter lily, is a native 
of the Orient, but has been grown for many years in various parts of Europe. 
The beautiful white flowers emit a strong and heavy perfume. 

In the Grasse region of Southern France lilies are cultivated by many 
farmers on small plots, primarily for the export of the bulbs. Flowers not 
sold to florists are therefore a relatively low priced by-product, which in 
years past was used in the extraction plants of Grasse and Seillans for 
the recovery of their natural perfume. Prior to World War I up to 3 
metric tons of lily flowers were processed annually in the Grasse region; 
from 1919 to 1939 the quantity of flowers extracted decreased gradually 
almost to the vanishing point. 

In the author’s experience, 480 to 500 kg. of lily flowers, on extraction 
with petroleum ether, yield 1 kg. of concrete which, in turn, gives 0.28 to 
0.30 kg. of alcohol soluble absolute. Extracting lilies with petroleum ether, 


6 Rev. marques 9 (1931), 583, 624. Cf. Am. Perfumer 87 (1951), 365, 453. 
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Igolen? obtained 0.22 per cent of a green-brown, waxy concrete which 
yielded 35 per cent of a viscous green-brown absolute. Two absolutes 
examined by Igolen had these properties: 


I II 
Specific Gravity at 15°....... 0.9592 0.9423 
Refractive Index at 20°...... 1.4787 1.4861 
Acid Number............... 27.16 19.6 
Ester Number.............. 122.04 115.03 
Carbonyl Number........... 18.9 22.4 


Co-distillation of the two absolutes with diethylene glycol at reduced 
pressure yielded 8.2 and 10.9 per cent, respectively, of two volatile oils 
which had the following properties: 


I II 
Specific Gravity at 15°...... 0.9013 0.915 
Optical Rotation at 20°..... +1° 28’ +0° 55’ 
Refractive Index at 20°..... 1.4681 1.4764 
Acid Number.............. 12.62 
Ester Number............. 96.80 
Chemical Composition.—In the volatile oil (I) Igolen identified these 
compounds: 
p-Cresol. 
Linalodl. 
a-Terpineol. Esterified with acetic, palmitic and cinnamic acids. 
Phenylethyl Alcohol. 


Remarkably enough, perfumers were able, a long time ago, to reproduce 
the odor of lily flowers by various mixtures of synthetics, containing chiefly 
linalyl cinnamate and terpinyl cinnamate, although unaware that these 
substances are actual constituents of the natural flower oil. 

Use.—In the author’s opinion, absolute of lily is a most interesting 
natural flower oil which could be used to great advantage in many high- 
grade perfume compositions of floral as well as oriental type. It is an 
excellent fixative and imparts to new creations alluring notes which are 
hard to trace. The absolute has the property of “rounding out” synthetic 
mixtures and merits much wider application than it has found so far. 


1Compt. rend. 214 (1942), 772. 
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CONCRETE AND ABSOLUTE OF LILY OF THE VALLEY 


Convallaria majalis L. (fam. Liliaceae), the common lily of the valley, 
is & small plant which grows wild in many parts of Europe, particularly in 
moist forests. The white flowers exhale a delightful fragrance which, how- 
ever, cannot be captured by steam distillation. According to Naves and 
Mazuyer,: extraction of the flowers and stalks with petroleum ether yields 
from 0.42 to 0.55 per cent of a concrete, while extraction of the flowers 
alone gives 0.9 to 1.05 per cent of concrete. 

The chemical composition of the natural flower oil derived from lilies of 
the valley was first studied more than one hundred years ago by Herberger ? 
who isolated a crystalline substance with a very strong odor. Many years 
later Kerschbaum * reported the presence of farnesol in the flower oil with- 
out, however, giving any definite proof. 

The natural flower oil is not an article of commerce ‘ because the perfume 
of lilies of the valley can be reproduced by blends of synthetic aromatics 
and natural isolates (hydroxycitronellal, linaloél, etc.) and certain essential 
oils. 
1“Tes Parfums Naturels,” Paris (1939), 250. 

2 Répt. pharm. 2 (1836), 397. 
8 Ber. 46 (1913), 1732. 
4 Recently Sabetay [Ind. parfum. 8 (1950), 86] reported that a house in Grasse suc- 


ceeded in developing a satisfactory concrete. According to Meunier (ibid., 28) the 
solvent used for this purpose is butane. 
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OIL OF ORRIS ROOT 


Essence d’Iris Aceite Esencial Lirio de Florencia de la Raiz 
Iris- or Veilchenwurzelol Oleum Iridis 


Introduction.—There are several species within the genus Irs (fam. 
Iridaceae) , the rhizomes of which, on drying and aging, develop an essential 
oil that can be isolated by various methods. By far the most important 
of these species is Ins pallida Lam., commercially known as “Florentine 
Orris,” because it is cultivated near Florence, in the province of Tuscany. 
The rhizomes of this species yield an oil of pleasant violet-like odor, highly 
esteemed in perfumes and for the scenting of cosmetics. 

Other species are Iris florentina L., the rhizomes of which contain very 
little oil, and Zris germanica L., the rhizomes of which yield an oil of a 
somewhat harsh odor. Ins florentina L. develops white flowers and can 
readily be distinguished from Iris pallida Lam. (the “Florentine Orris’’) 
with its light blue-violet flowers. Limited quantities of Iris germanica L. 
are grown near Verona (Italy) ; hence the commercial term “Verona Orris.”’ 
Its rhizomes, washed and peeled, are occasionally utilized for the flavoring 
of wines and in powdered sachets, but not for distillation or extraction 
purposes. Iris germanica is also cultivated in the high valleys of the Grand 
Atlas in Morocco, and in certain parts of India. It is not customary in 
these areas to prepare the rhizomes properly for market—as has always 
been the practice with those of Iris pallida—by washing, removal of the 
foliaceous collet and by careful paring. The Moroccan and Indian product 
usually exhibits a dark color and a poor odor; frequently the rhizomes are 
infected with insect larvae. No wonder then that distillers employ Iris 
pallida Lam. almost exclusively. The following will describe only the oils 
derived from the rhizomes of this latter species. 

History, Botany, Producing Regions and Total Production.—Iris pallida 
Lam. was introduced to the environs of Florence in 1842 by Adriano Piaz- 
zesi who planted it near the village of San Polo in the community of Greve 
(Chianti), which region has remained the center of orris production in 
Tuscany. About fifty years ago orris cultivation spread to the districts 
of Siena, Arezzo, and Lucca, and to the regions of Grosseto, Perugia, and 
Faenza, but more recently the demand for orris root has declined substan- 
tially. Today production is restricted to the upper Valdarno and to the 
Chianti section, with San Polo as center. At one time the orris plantations 
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in Tuscany covered about 400 hectares; now less than 100 hectares are 
devoted to its cultivation. Production reached its peak between 1902 and 
1905 with about 1,600 metric tons per year; today it amounts to about 200 
or 350 tons at the most. According to Chauvet, Tuscany produced the 
following quantities of dried orris root in the years from 1946 to 1949: 


Year Metric Tons 
1946.......... 300 
1947.......... 270 
1948.......... 250 
1949.......... 200 


There is also a small production of Iris pallida Lam. in Southern France 
(Var and Alpes Maritimes), but this amounts to only about one-tenth of 
the Tuscan total. 

Iris pallida Lam. develops an aerial stem about 60 cm. high and sur- 
rounded at the base by a rosette of long, lance-shaped leaves. The flowers, 
which in Tuscany and Southern France are usually sold to florists, are of 
delicate light blue-violet color. The freshly unearthed rhizomes exhibit 
quite a disagreeable, herb-like, earthy odor reminiscent of fresh potatoes, 
and a somewhat sharp, slightly bitter taste. The unpleasant odor and 
flavor of the fresh rhizomes disappear on drying and aging. The pleasant, 
violet-like odor, for which the dried rhizomes are so highly esteemed, de- 
velops only very slowly and gradually. The rhizomes should, therefore, be 
stored for at least three years before being used for distillation or extrac- 
tion; otherwise they will give a low yield of oil of inferior odor. The peeled 
and dried rhizomes are of whitish color, hard texture, and irregular shape. 
Their length varies between 4 and 11 cm. The best quality originates from 
Tuscany, the so-called “Florentine Orris’—a somewhat plump type, very 
light in color and delightfully fragrant. The odor is particularly noticeable 
in freshly broken pieces of dried rhizomes. The lower grades are less 
fragrant and darker in color. 

Cultivation and Harvest.—Yield, quality, and odor of the rhizomes are 
greatly influenced by the type of soil—calcareous and loamy soils, stony 
and dry, giving the best results. Plantings are never laid out in valleys, 
but on the slopes of hills, at altitudes of 300 and 500 m., and with south- 
eastern exposure if possible. Near Florence, orris is usually cultivated by 
small farmers, often on a crop-sharing basis. There are no large fields— 
only small patches in clearings of woods or between vineyards. Arrange- 
ments between landowner and tenant farmer require that the latter plant 
and cultivate the whole field. Prior to the harvest, the field is divided into 
two equal parts. The owner then collects half of the crop, paying his own 


1 Private communication from Mr. Pierre Chauvet, Seillans (Var), France. 
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off the root system. The latter must then be divided into the rhizome to be 
dried and sold on the market as orris root, and the part to be used for 
replanting. As was explained above, the division is made by a cut through 
the first swelling (struma) beneath the collet. The remaining strumae on 
each rhizome are freed of earth and fibrous rootlets, placed into water, and 
thoroughly cleansed and peeled. Peeling is done with short, curved knives, 
and requires considerable skill, the rhizomes being tough and hard, yet 
elastic. The peeled rhizomes are then thrown into running water, rinsed, 
spread on cane mats and dried in the sun, which requires five to six days. 
In the final operation the dried rhizomes are polished (cleaned) and assorted 
into two grades, viz., a first, and a second quality. The older classification 
into four grades is no longer practiced. 

Yield varies considerably with the soil, ranging from 4,000 to 12,000 kg. 
of fresh rhizomes per hectare. One hundred kilograms of fresh rhizomes 
give 25 to 35 kg. of dried and prepared rhizomes. 

In years of low prices, farmers sometimes prefer not to harvest the 
rhizomes, but to leave them in the ground, where they may remain for four 
or five years (instead of the usual three years). When finally dug up, such 
rhizomes will be too tough and hard for peeling. To utilize them the 
farmers wash such rhizomes carefully, and then simply cut them into three 
longitudinal slices, without removing the peel from the outer surface. Dry- 
ing on mats in the sun for six or seven days yields the so-called “dark, un- 
peeled orris,” a quality lower than the two described above (“‘peeled, lst and 
2nd quality”). This is not well suited to distillation, because it yields an oil 
of somewhat harsh odor. Extraction with volatile solvents gives resinoids of 
dark color. 

Orris should be cultivated in rotation with other crops; the interval of 
time between one orris planting and the next, on the same field, should be 
not less than three years. After orris, the field must be thoroughly plowed, 
fertilized, and planted with oats or cockshead. In the next year wheat is 
grown, and orris again in the third or fourth year. In general, orris has 
proved very resistant to parasitic diseases, but suffers from extreme drought 
or continued wet weather. It requires a well-drained soil and exposure to 
the sun. 

Storage of the Dried Rhizomes.—As has been pointed out, the charac- 
teristic, violet-like scent of dried orris develops only gradually, two or three 
years of storage being required to bring out the full odor. Distillation or 
extraction of freshly dried rhizomes gives a poor yield and a low-grade oil. 
Storage of the rhizomes in high piles, with consequent exertion of some 
pressure, appears to favor development of the aromatic principles in orris. 
During the maturing period the rhizomes must be protected from insects 
and microorganisms. They are liable to attack by the larvae of a Coleoptera 
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which Naves® identified as Sitodrepa panicea (fam. Anobtidae). Other 
frequently encountered microorganisms are Trichoderma lignorum and 
Penicillium crustaceum. 

The development of the odorous constituents (particularly the irones— 
see below) in the rhizomes is thought to result from the action of diastases 
on the heterosidic components; but this has not been conclusively proved. 
It seems quite probable, however, that diastatic action plays an important 
role in the liberation of the aromatic principles, in the light of several 
experiments carried out years ago by Fliickiger: * immersing fresh rhizomes 
for a few minutes in water of 90°C., he noted that they retained their 
herbaceous odor and did not develop any violet odor after drying. In 
another experiment, rapid drying of thin slices at about 40°C. did not 
produce a violet odor, but digestion in warm water, particularly after addi- 
tion of small quantities of hydrochloric acid, brought out the desired aroma. 
Any treatment of the rhizomes which inactivates diastatic processes would 
thus appear to inhibit the liberation of irone, whereas the action of highly 
diluted mineral acids re-establishes the diastatic process. Naves,® who has 
studied the odorous components of orris thoroughly, admits the possibility 
that the irones are present in the rhizomes as heterosides, although no direct 
proof has been published in support of this theory. All that can be said 
is that the heterosides seem to undergo decomposition during the three- 
year storage of the rhizomes. 


EXTRACTION WITH VOLATILE SOLVENTS 
(Resinoids of Orris) 


The natural perfume can be isolated from the dried and aged rhizomes 
either by extraction with volatile solvents—which yields the so-called 
“Resinoids of Orris”—or by distillation, which produces the so-called “Con- 
crete of Orris” or “Orris Butter” (see below). 

Prior to any treatment, the rhizomes must be triturated to small pieces, 
a rather difficult operation, best accomplished in strong hammer mills. For 
extraction with solvents or for distillation, peeled rhizomes are usually em- 
ployed, because unpeeled orris yields dark colored products with a some- 
what harsh odor, suitable only for the perfuming of soaps or in prepara- 
tions where price is of prime consideration. 

Extraction can be carried out by percolation with volatile solvents such 
as high-proof alcohol, acetone, benzene, or petroleum ether. Despite their 
high yields of resinoids, alcohol and acetone are seldom used because they 

8 Drug Cosmetic Ind. 89 (1946), 479. 


4Tschirch, “Handbuch der Pharmacognosie,” Vol. II, Part II, pp. 1148 and 1153. 
5 Drug Cosmetic Ind. 69 (1946), 587. 
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give hard products, quite insoluble in alcohol, and difficult to handle. Much 
better results are obtained with benzene or petroleum ether, the latter yield- 
ing light brown to red-brown resinoids of honey-like consistency and a 
warm, very lasting odor. Benzene gives a higher yield than petroleum 
ether, but the petroleum ether resinoid has a more characteristic odor. 
Naves and Mazuyer,® and Naves’ reported the following yields of (crude) 
resinoids: 


Solvent Alcohol (95%) Benzene Petroleum Ether 
Yields............. 14 to 22.8% 2.1 to 3.5% 1.15 to 2.0% 
Average Yields..... — 2.4 to 3.8% 16 to 1.9% 


The resinoids thus obtained are not completely soluble in high-proof 
alcohol. To prepare alcohol-soluble products, the crude resinoids are 
treated with 95 per cent alcohol in the usual way, the insoluble portions 
removed, the solutions filtered clear and concentrated in vacuo. The re- 
sulting resinoids may be called “Soluble Resinoids.” According to Naves,® 
benzene resinoid (crude) yields from 70 to 88 per cent of soluble resinoid, 
petroleum resinoid (crude) from 50 to 60 per cent of soluble resinoid. These 
soluble resinoids are of viscous consistency and possess a soft, mellow, very 
lasting odor. Their relatively low price permits use not only in high-grade 
perfumes, but also in cosmetics and soaps. 

Physicochemical Properties—Naves® reported these properties for 
(crude) benzene and petroleum ether resinoids: 


Petroleum 
Benzene Resinoid Ether Resinoid 
(Crude ) (Crude) 
Acid Number....... 30 to 50 31 to 60 
Ester Number...... 75 to 95 70 to 90 


Naves ?° prepared “Absolute Resinoids” from the crude resinoids by using 
the method of Glichitch and Naves," in which the fatty acids are precipi- 
tated and removed as insoluble lithium salts. (For details of this method 
see below.) The absolute resinoids thus obtained had the following prop- 


ores: Benzene Petroleum Ether 
Resinoid Absolute Resinoid Absolute 

Specific Gravity at 20°............. 0.929 to 0.943 0.930 to 0.946 
Optical Rotation. ................. +18° 21’ to +34° 9’ +19° 24’ to +32° 45’ 
Refractive Index at 20°............ 1.4938 to 1.4986 1.4953 to 1.4989 
Ester Number...............0000- 26 to 47 39 to 72 
Irone Content (By Oximation)...... 62.2 to 77.8% . 70.8 to 79.4% 

6 “Teg Parfums Naturels,” Paris (1939), 310. 

t Drug Cosmetic Ind. 89 (1946), 479. 10 Ibid. 

8 Ibid. 11 Parfums France 9 (1931), 371. 

9 Ibid. 
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Naves ?? also submitted the (crude) benzene and petroleum ether resinoids 
of orris root to distillation with superheated steam at reduced pressure 
and obtained 8 to 13 per cent, and 3 to 7 per cent, respectively, of distillates 
which exhibited these values: 


Distillate from 
Distillate from Petroleum Ether 
Benzene Resinoid Resinoid 
Acid Number................... 102 to 146 33 to 68 
Ester Number.................. 16 to 80 60 to 72 
Content of Neutral Fraction...... 18.1 to 23.2% 40.6 to 57.4% 


These distillates are not commercial products, but are prepared in the 
laboratory for the analytical examination of resinoids of orris. 


DISTILLATION 
(Concrete of Orris or “Orris Butter’) 


It should be kept in mind, throughout the following discussion, that the 
term “concrete” is usually applied only to natural flower oils obtained by 
solvent extraction (cf. Vol. I of this work, pp. 200 and 210). In the case 
of orris, however, the term “concrete” means simply that the product ob- 
tained by steam distillation is of solid consistency. 

The most common method of isolating the odorous substances from dried 
and aged orris rhizomes is not extraction with volatile solvents (see above), 
but distillation. Of course, it would be possible to extract the rhizomes 
first with volatile solvents and then to submit the resinoids thus obtained 
to distillation with superheated steam at reduced pressure. Some manu- 
facturers, in fact, employ this technique. But in most cases the peeled 
and triturated rhizomes are submitted directly to the action of steam of 
norma! pressure, yielding the so-called “Concrete of Orris” or “Orris But- 
ter.” At room temperature this is a solid mass of light yellow to yellow 
color, with a very strong odor, characteristic of orris root. At 40° to 45° C. 
the concrete melts to a yellow or yellow-brown liquid. Compared with that 
of the resinoids, the aroma of the concrete is stronger, sharper, much more 
pronounced. Depending upon the method of distillation, and particularly 
its length, the concrete contains from about 83 to 96 per cent of myristic 
acid; hence its hard, tallow-like consistency. Since the myristic acid is 
odorless and only a “ballast” in the concrete, the myristic acid is sometimes 
removed from the concrete by various means (see below), thus yielding the 
so-called “Absolute of Orris,” “Orris Tenfold,” or “Irone Absolute.” Com- 


12 Givaudanian (February 1947), 4. 
18 Cf. Naves and Mazuyer, “Les Parfums Naturels,” Paris (1939), 173. 
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pared with the concrete, the absolute has the advantage of much greater 
odor concentration and better solubility in ethyl alcohol. On the other 
hand, the concrete possesses a higher odor-fixation value. 

Distillation of the rhizomes involves considerable difficulty and requires 
much experience. Only peeled root, stored for at least three years, should 
be used. Prior to distillation the rhizomes must be triturated to a coarse 
powder. They contain from 55 to 60 per cent of starch which, under the 
influence of steam and hot water, may be partly converted into a viscous 
solution of dextrin. This can result in much foaming and frothing over into 
the condenser, giving a lot of trouble. For this reason stills of large 
capacity should be used, leaving ample space above the relatively small 
charge. Sufficiently high and wide columns are advisable. The condenser 
tubes should be wide and long, heavily tinned on the inside, or constructed 
of specially prepared aluminum or, still better, of stainless steel. Myristic 
acid has a tendency to form salts with some metals, and these salts may 
precipitate in alcoholic solutions of the concrete, causing much inconveni- 
ence. The temperature of the condensate should never fall below 60° C., 
as otherwise the myristic acid will congeal and obstruct the tubes—i.e., the 
condensate must flow quite warm. 

The steam-volatility of the irones, the most important odorous constity- 
ents of orris concrete, differs considerably from that of the fatty acids 
(chiefly myristic acid). The first fractions distilling over are richest in 
irones, and the content of fatty acids increases as distillation progresses. 
The distillation of powdered orris is a lengthy process. The irones, the 
most valuable odorous constituents, distill over in the course of 20 to 30 
hr.; they are accompanied in the successive fractions by increasing propor- 
tions of fatty acid mixtures, principally myristic acid. Due to economic 
considerations (excessive consumption of steam and fuel) distillation is 
often stopped before complete recovery of the irones. The more prolonged 
the distillation, the higher will be the content of myristic acid in the 
concrete, and the lower the irone content, and vice versa. According to 
Naves,!® the unusual length of time required to distill the irones can prob- 
ably be attributed to two factors, acting simultaneously: the difficulty 
encountered in the extraction of the irones from the powdered rhizomes, 
and the protracted period required for their formation from complex com- 
pounds. 

As has already been mentioned, the odoriferous components occur in the 
14 Guenther, Am. tle 80 (1935), 17, 56. Naves, Drug Cosmetic Ind. 69 (1948), 

479, 586; 60 (1947), 364. Givaudanian (February 1947), 4. Revista ital. essenze 


profumi 29 (1947), 242, 
15 Helv. Chim. Acta 82 (1949), 1059. 
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rhisomes perhaps as heterosides, but the only heteroside actually isolated 
from orris is iridine,’* the glucoside of irigenine (5,7,3’-trihydroxy-6,4,5’-tri- 
methoxy isoflavone). Nevertheless, it was formerly thought that the action 
of highly diluted aqueous mineral acids would speed up the hydrolysis of 
the heterosides and that a quicker release of the odorous compounds might 
thereby be achieved. Most manufacturers, therefore, submitted the pow- 
dered rhizomes to a pretreatment before actual distillation: the material 
was dispersed in warm water and, after the addition of 1 to 8 per mill of 
sulfuric acid, macerated overnight, care being taken that the temperature 
mever rose above 65°C. The following day the acid was carefully neu- 
tralized with magnesium carbonate or calcium carbonate, and then the mass 
was transferred to the still for distillation. This pretreatment has now 
largely been abandoned. It offers, however, one advantage: maceration with 
acids brings about hydrolysis of the starch to water-soluble substances 
which, during distillation, cause much less trouble than the viscous dextrins. 
Moreover, pretreatment with dilute acids produces a certain granulation 
of the powdered orris, favorable to the conduct of the distillation (Robert #7). 

In this connection it should be mentioned that, according to experiments 
undertaken by Naves,?* the small quantities of acids used in the pretreatment 
of the powdered rhizomes exert no noticeable influence upon the irones. 
Practically no isomerization of a- or y-irone into #-irone, or of y-irone into 
a-irone takes place; nor is irene formed from the irones. 

Yield of Concrete.—The yield of concrete depends upon the age of the 
rhizomes and the length of distillation. According to the author’s experience 
in Seillans (Var) and Grasse (A.M.), Southern France (whence the bulk 
of the orris concretes originates), the yield from three-year-old rhizomes 
should be at least 0.2 per cent. The quantitative yield can be increased 
by prolonged distillation, but in this case the increase will consist chiefly 
of myristic acid. Naves?® reported average yields ranging from 0.20 to 
0.24 per cent on distillation for 20 to 36 hr., and 0.32 to 0.40 per cent on 
distillation to completion. The same author * also showed how the neutral 
and the acidic fractions come over in the course of distillation: 


Hours of Distillation 1to8 9 to 16 17 to 84 = 85 to SE 
Percentage of Concrete Distilled...... 0.073 0.058 0.044 0.031 
Percentage of Concrete Obtained..... 0.073 0.131 0.175 0.206 
Acidity, Expressed in Per Cent of My- 

TIBIG ACG: i c50.cs sce aeucnen sets 61.0 83.8 91.9 94.3 


16 De Laire and Tiemann, Ber. 26 (1893), 2010. Bargellini, Gasz. chim. tal. 66 (1925), 
945. Baker, J. Chem. Soc. (1928), 1022. 

17 J. parfum. savon. 28 (1910), 65. Ber. Schimmel & Co., October (1910), 56. 

18 Helv. Chim. Acta 82 (1949), 1060. 20 Jbid., 6. 5 

19 Givaudanian (February 1947), 4. 
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Hours of Distillation 1 to 8 9 to 16 17 to 24 26 to 82 
Mean Molecular Weight of the Acids. . 241 238 229 225 
Percentage of Absolute Oil........... 41.0 20.0 8.0 5.4 
Percentage of Irone in the Absolute Oil 82.0 77.4 53.0 16.1 


As Naves * pointed out, it may be granted that the irones occur in the 
rhizomes as heterosides, although no direct proof in support of this assump- 
tion has been given. In fact, it does not appear that the action of diastases 
or of reagents favorable to hydrolysis increases the yield of irone during 
the pretreatment of rhizomes dried and stored for a minimum of three years. 
All that can be said is that the heterosides are destroyed in the course of 
this process. The idea that a higher yield of irone could be obtained after 
such pretreatment probably arose from the fact that the irones distill more 
easily after the starch has been hydrolyzed. When this hydrolysis is ac- 
companied by formation of alcohol, a fraction of the fatty acids is esterified, 
resulting in a higher yield of absolute oil, often incorrectly calculated as 
irone. 

Physicochemical Properties of Orris Concrete.—Like the yield, the phy- 
sicochemical properties of an orris concrete depend largely upon the quality 
of the rhizomes and the length of distillation. 

As was mentioned above, concrete of orris at room temperature is a solid 
mass of light yellow or yellow color. The odor is very strong and lasting, 
characteristic of aged rhizomes, but somewhat sharp. 

Gildemeister and Hoffmann ** reported these properties for orris con- 
crete: 


Melting Point............. 40° to 50° 
Optical Rotation.......... Slightly dextrorotatory 
Acid Number............. About 204 to 236 
Acid Content, Calculated as 
Myristic Acid........... 83 to 96% 
Ester Number............ 2 to 10 


Four lots of orris concrete produced under the author’s supervision in 
Southern France (Seillans, Var) exhibited the following values: 


I II III IV 
Melting Point................. 41.5° to 44.5° 43° t0 45° 42° to 45° 42° to 45° 
Acid Number................+ 198.8 205.8 198.8 199.8 
Acid Content, Calculated as My- 

Tistic: ACIG 5-5.55604.5 sade s odes 81.0% 83.9% 81.0% 81.5% 
Ester Number................ 6.5 3.5 7.5 8.3 
Ketone Content, Calculated as 

Irone (Hydroxylamine Hydro- 

chloride Method)............ 14.8% 14.4% 15.4% 13.4% 


21 Tbid., 5. 
22“Die Atherischen Ole,” 3d Ed., Vol. II, 420. 
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Genuine lots of orris concrete produced in Seillans (Var) and examined 
by Fritzsche Brothers, Inc., New York, had properties ranging within these 
limits: 

Acid Number..................0.. 176.2 to 211.5 

Saponification Number............. 192.2 to 221.1 

Ketone Content, Calculated as Irone 9.1 to 19.7%, usually 
(Hydroxylamine Hydrochloride about 15.0% 
Method) 


Chiris 7* reported the following values for pure orris concretes: 


Acid Number....... 165 to 200, seldom up to 205 
Ester Number...... 10 to 27, seldom up to 30 


According to Naves,** the properties of orris concrete vary within these 
limits: 


Melting Point..................... About 40° to 45° 
Acid Number..................00- 162 to 216 

Ester Number.................... 4 to 36 

Content of Neutral Fractions....... 13 to 25.5% 


Analysis.—By far the greater part of orris concrete consists of higher 
fatty acids, chiefly myristic acid, which contribute nothing to the odor of 
the product, except fixation value. The higher the content of myristic acid, 
the higher will be the melting point of the concrete. The content of acids, 
calculated as myristic acid, can be assayed in the usual way (cf. Vol. I of 
the present work, p. 263). | 

The most important part of the examination of an orris concrete is the 
determination of the neutral (nonacidic) portions. This can be carried out 
by the lithium salt method of Glichitch and Naves,*® details of which are 
given in the following section on “Absolute of Orris.” The liquid or abso- 
lute oil thus isolated contains all the odorous compounds, including the 
important irones. 

The laboratories of Fritzsche Brothers, Inc., New York, employ the hy- 
droxylamine hydrochloride method in the evaluation of orris concretes. It 
gives very good results. However, one should keep in mind that in this 
method not only the ketones (chiefly irones), but also the small quantities 
of aldehydes present in the concrete are quantitatively determined. (For 
details see Vol. I of the present work, p. 285.) The presence of certain 
ketones other than the irones (e.g., ionones as adulterants!) can often be 
detected by this method (cf. Vol. I, p. 290, second footnote). 

A very efficient method of isolating the ketones quantitatively from con- 


23 Parfums France 6 (1928), 133. 25 Parfums France 9 (1931), 371. 
24 Givaudanian (February 1947), 4. 


Google 


90 ESSENTIAL OILS OF THE PLANT FAMILY IRIDACEAE 


cretes (or absolutes) of orris, employing reagent P of Girard and Sandu- 
lesco,** is detailed in Vol. II of the present work, p. 814. A modification of 
the general procedure, more suitable for the isolation of the irones, has 
been suggested by Naves.”* 


ABSOLUTE OF ORRIS 
(“Orris Tenfold” or “Irone Absolute’) 


It has been mentioned on several occasions that the concretes obtained 
by distillation of the rhizomes consist to the greater part of odorless higher 
fatty acids, chiefly myristic acid. Removal of these acids results in the 
so-called “Absolute of Orris,” ** also called “Orris Tenfold” (the odor con- 
centration is approximately tenfold), or “Irone Absolute” (the absolute 
consists chiefly of isomeric irones). The absolutes thus isolated from the 
concretes represent the odorous compounds of the dried and aged rhizomes 
in highest concentration. They are viscous, yellow to brownish liquids, 
usually soluble in 80 per cent alcohol, and possess a strong but delightful 
odor characteristic of orris root. Because of their concentration, the abso- 
lutes belong among the most valuable and expensive of perfumers’ raw 
materials. 

Elimination of the fatty acids from the concrete has to be carried out 
with the greatest of care, as otherwise a part of the liquid portions (abso- 
lute) may be lost, or the odor of the absolute be impaired. To remove the 
fatty acids from the concrete, some manufacturers precipitate them as 
potassium salts,?° or as insoluble calcium salts in ethereal solution and, after 
filtration, concentrate the ethereal solution 1n vacuo, working throughout 
the entire process at low temperatures. Or the fatty acids are neutralized 
with a measured quantity of earth alkali, and then the odorous substances, 
which have not reacted with the alkali, are driven off by steam distillation, 
and collected. Obviously, this is a harsher technique than the former, and 
yields an absolute of somewhat inferior odor. 

Far better than these two methods, which give a lot of trouble by the 
formation of emulsions, is that developed by Glichitch and Naves; ®° it can 
be used not only for the quantitative determination of the nonacidic por- 
tions (absolute) of a concrete, but in a modified form also for the prepara- 
26 Helv. Chim. Acta 19 (1936), 1098. 

37 Ibid. 31 (1948), 907. 

38 The term “absolute” i is generally applied to natural flower oils freed of their alcohol- 
insoluble waxes. In connection with orris, the term indicates that the higher fatty 
acids have been removed from the concrete. 


20 Cf. Naves, Helv. Chim. Acta 81 (1948), 907. 
80 Parfums France 9 (1931), 371. Cf. Naves, Helv. Chim. Acta 81 (1948), 907. 
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tion of the absolutes on a technical scale. In this method an ethereal solu- 
tion of orris concrete is treated with a hot solution of lithium acetate in 
absolute alcohol. Lithium salts of the fatty acids present in the concrete 
are thus formed; being quite insoluble in ether, they can easily be separated 
from the liquid portions of the oil. These latter are then determined gravi- 
metrically, after removal of the solvent. 


“Dissolve 5 g. of concrete in a 50 cc. glass-stoppered Erlenmeyer flask con- 
taining 25 cc. of anhydrous alcohol-free ether, add gradually, with continual 
stirring, a hot solution of 2.5 g. of lithium acetate (or preferably its equivalent 
of anhydrous lithium acetate) dissolved in 4 g. of absolute alcohol, let stand at 
room temperature for 1 hr., and filter on a 50 mm. Biichner funnel, using moder- 
ate suction. Transfer the solution to a 150 cc. glass-stoppered separation fun- 
nel, rinse the flask twice with 15 cc. of anhydrous ether pouring through the 
Biichner funnel and then transfer to the separation funnel, and wash the solution 
twice with 15 cc. of a 20% sodium carbonate solution. Wash the combined 
sodium carbonate washings with 10 g. of ether, add to the main ether solution, 
wash twice with 20 cc. of distilled water, dry the ether solution by adding 
4 to 5 g. of anhydrous sodium sulfate, and filter into a tared 125 cc. Wurtz 
flask. Wash the separation funnel and filter with 10 cc. of ether, evaporate all 
but 2 or 3 cc. of the solvent on a water bath and remove the last traces on 
the water bath at 25° under a vacuum of 12 mm. for 30 min., wipe dry and 


weigh.” 

According to Naves,*! the absolute oil contains, in addition to the irones, 
some esters of fatty acids, particularly methyl myristate, and some alde- 
hydes—oleic aldehyde among others. The presence of ethyl esters is ex- 
ceptional, and results from the deliberate addition of esters prepared from 
the fatty acids ** present in concrete of orris, or from the use of unpeeled 
rhizomes. The determination of the ketones, calculated as irone, permits 
conclusions regarding such additions or preparations. 

Physicochemical Properties of Orris Absolute.—Gildemeister and Hoff- 
mann 2? reported these properties for absolute of orris: 


Specific Gravity at 15°...... 0.93 to 0.94 

Optical Rotation........... +14° 0’ to +35° 0’ 

Refractive Index at 20°..... 1.492 to 1.500 

Acid Number.............. 1to8 

Ester Number............. 15 to 40 

Solubility...............068 Soluble in 1 to 1.5 vol. and 
more of 80% alcohol 


Three lots prepared under the author’s supervision in Southern France 
(Seillans, Var) exhibited the following values: 
81 Givaudanian (February 1947), 4. 


82 Rev. marques parfum. savon. 9 (1931), 40. French Patent No. 673,341. 
38 “Die Atherischen Ole,” 8d Ed., Vol. II, 420. 
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| I II III 

Specific Gravity at 15°................06. 0.939 0.941 0.938 
Optical Rotation...............020 2 eee +37° 56’ +34° 20’ +35° 8’ 
Refractive Index at 20°. ............0.08 1.4975 1.4970 1.4950 
Acid Number............ 0.00. c cee ee ees 1.4 1.4 8.4 
Acid Content, Calculated as Myristic Acid.. 0. ve 0.6% 3.4% 
Ester Number i Spite wal nse dom sar ees ak 17. 22.9 21.5 

Ketone (and Aldehyde) Content, Calculated 

as Irone (Hydroxylamine Hydrochloride 

MOUhO) oxsucoit cuss heeded eecae wis 79.7% 72.0% 73.9% 
Solubility in 80% Alcohol................ Soluble in 1 and more vol. 


Glichitch and Naves ** reported these properties for absolute of orris pre- 
pared by their lithium salt method (see above): 


Specific Gravity at 15°........ 0.920 to 0.945 

Specific Optical Rotation...... +14° 0’ to +30° 0’ 
Refractive Index at 20°....... 1.4905 to 1.501 

Acid Number................ Less than 2.0 

Ester Number............... 14 to 67 

Irone Content................ 50 to 70% 
Solubility................0205 Soluble in 0.5 to 2.5 and 


more vol. of 80% alcohol 


Naves ** recently indicated the following limits for the neutral fractions 
isolated from concrete of orris: 


Specific Gravity at 20°......... 0.932 to 0.941, occasionally as low as 0.923 

Optical Rotation.............. +17° 36’ to +36° 43’, occasionally as low as +14° | 

Refractive Index at 20°........ 1.4940 to 1.4980, occasionally as low as 1.4880 

Ester Number................ 29 to 38, rarely as high as 49.8 in oils derived from 
young rhizomes 


Irone Content (By Oximation).. 60 to 79.5% 


Genuine lots of orris absolute prepared by Fritzsche Brothers, Inc., New 
York, had properties varying within these limits: 


Specific Gravity at 15°/15°............... 0.922 to 0.942 
Optical Rotation. ...............0 0c eee +20° 6’ to +36° 28’ 
Refractive Index at 20°. ..............00. 1.4862 to 1.4985 
Acid NUMBERS cocncas cata vcotesewoteuws Up to 7.4 
Saponification Number.................. 22.0 to 64.4 


Ketone (and Aldehyde) Content, Calculated 
as Irone (Hydroxylamine Hydrochloride 


M6thod ) oo vise paws dwciesdas eeacey 52.8 to 73.5% 
SOLU DINGY vanes ceca saasesoe ceenee ws Soluble in 0.5 vol. of 90% alcohol, 
usually opalescent to slightly tur- 


bid with more 


34 Parfums France 9 (1931), 371. 
85 Private communication of Dr. Y. R. Naves, Geneva, Switzerland. 
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A genuine absolute of orris prepared in Seillans (Var), France and exam- 
ined in the laboratories of Fritzsche Brothers, Inc., New York, exhibited the 
following properties: 


Specific Gravity at 15°/15°............... 0.931 
Optical Rotation. ..................0000- +21° 53’ 
Refractive Index at 20°.................. 1.4900 
Acid: Number ss 354 osdicdd cao Si oS 1.8 
Ester Number... ......... 0... cece cece 28.4 


Ketone (and Aldehyde) Content, Calculated 
as Irone (Hydroxylamine Hydrochloride 


WMEtN0G) 2G -on we bewh Sakwnadca-cueawainens 67.7% 
SOlUbI ty isc isictdaaw eee rec Ports kaees Soluble in 0.5 vol. of 90% alcohol; 
hazy in 4 vol. and more of 90% 
alcohol 


ADULTERATION OF CONCRETE AND ABSOLUTE OF ORRIS 


Since they command very high prices, concrete and absolute of orris are 
frequently adulterated. In fact, sophistication of these products by a 
skilled essential oil chemist is so easy that they have become strictly 
articles of confidence, which should be purchased only from reliable sup- 
pliers. 

Since concrete of orris contains a high percentage of myristic acid, it can 
be “cut” most readily by the addition of this acid, derived from low-priced 
sources, or obtained as by-product in the preparation of absolute of orris. 
(In fact, some manufacturers standardize their concretes of orris at a cer- 
tain irone content—15 per cent, e.g—by the addition of natural myristic 
acid obtained in the making of absolute of orris.) Unscrupulous dealers 
cut the concretes with myristic acid and reconstitute the lowered irone con- 
tent by the addition of other, low-priced ketones, chiefly ionones. This form 
of adulteration cannot be detected readily and requires a good deal of 
experience to discover (cf. Vol. I of the present work, pp. 285 and 290, 
second footnote). Absolute of orris can be adulterated quite easily by the 
addition of ionones and esters of myristic acid. Careful odor tests and 
comparison with an authentic standard sample are, therefore, most impor- 
tant. 


CHEMICAL COMPOSITION OF Orris OIL 
The chemical composition of the oil derived from dried and aged orris 
rhizomes is complex and has been the object of numerous and lengthy in- 


vestigations by some of the most brilliant minds in organic chemistry. The 
following can, therefore, give only a brief résumé of the subject. 
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As far back as 1876, Fliickiger ** recognized that concrete of orris consists 
chiefly of odorless higher fatty acids, the most important being myristic 
acid. Later, Tiemann and Kriiger *’ reported the presence of palmitic acid. 
More recently, Langlais and Goby ** fractionated a concrete of orris at 40 
mm., and identified the following fatty acids: 


Caprylic Acid. Anilide m. 51°. Silver salt. 

Pelargonic Acid. Anilide m. 57°. 

Capric Acid. M. 31°; anilide m. 65.5°. Silver salt. 

Undecylic Acid. Anilide m. 71°. Silver salt. 

Lauric Acid. M. 43.5°; anilide m. 75.5°. 

Tridecylic Acid. M. 39°; anilide m. 81.5°. 

Benzoic Acid. Observed in the mother liquor after crystallization of the pelargonic 
acid. 

Some of these acids occur in the concrete not only free, but also as methyl 
esters. Years ago, Tiemann and Kriger *® observed methyl myristate and 
methyl oleate in an oil extracted from orris root. Naves *° expressed the 
opinion that the presence of high-boiling fatty esters in the concrete can be 
explained only by the long distillation (20 to 30 hr.) to which the rhizomes 
are subjected. A good percentage of the esters probably undergoes hy- 
drolysis during distillation, and the corresponding acids remain perhaps in 
the still. It also seems possible that the distillates obtained from orris 
resinoids (distillation of benzene resinoids with superheated steam at re- 
duced pressure) contain proportionally more esters than the concretes de- 
rived by direct distillation of the rhizomes. 

Naves *! submitted the neutral (nonketonic) fraction of an orris concrete 
to distillation with superheated steam (125°-130°) at reduced pressure (30 
to 35 mm. Hg.) and identified the following esters: 


Methyl Myristate and Methyl Oleate. Already reported by Tiemann and Kriger 
(see above). 


Methyl Caprylate. 
Methy] Pelargonate. 
Methyl Caprate. 
Methyl Laurate. 


86 Arch. Pharm. 208 (1876), 481. 

87 Ber, 26 (1893), 2675. 

88 Compt. rend. 179 (1924), 178. Bull. soc. chim. [4], 86 (1924), 1307. 
89 Ber. 26 (1893), 2675. 41 Ibid, 2307. 

40 Helv. Chim. Acta 82 (1949), 2306. 
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Methy! Palmitate. 
Methyl Stearate. 
Methyl Linoleate. 


A sariviher sel Methy! ester of an unsaturated, optically active acid, which was not 
identifi 


A Salicylate(?). Tavel @ observed an ester of salicylic acid. 


Oil of orris also contains a number of miscellaneous compounds, of which 
the following have been reported: 


Furfural. In the first runs (Schimmel & Co.*). 


A Terpene(?). Noted by the same authors “in the fraction b. 171°-173°. The terpene 
in question (dis 0.8611, ap +10° 40’) was not identified. 


Naphthalene. On cooling to low temperature, the fraction b, 73°-75° precipitated a 
substantial quantity of leafy crystals m. 80°-80.5°, which Schimmel & Co.‘ 
identified as naphthalene. 


A Base(?). First observed by Schimmel & Co.; presence later confirmed by Tavel.‘* 
Only traces are present in the oil. Odor reminiscent of skatole. Constitution 
not elucidated. 


A Phenol(?). Also first reported by Schimmel & Co., and later confirmed by Tavel,‘’ 
who prepared a 2,5-dinitrobenzoate m. 127.5°, and established the empirical 
molecular formula CsH100. 


As regards the alcohols, Tavel ** noted the presence of the following: 


Benzyl Alcohol. In the foreruns; identified by preparation of the anthraquinone-f- 
carboxylic ester m. 151°-152°, and of the allophanate m. 178°-179°. 


Linalodl. Identified as phenylurethane m. 66.5°. 
Geraniol. Allophanate m. 112°-113° (not entirely pure). 


Alcohols CyoH1.0(?) and C,H,,0(?). Constitution unknown; separated by means of 
the allophanates. The alcohols in question were perhaps not homogeneous 
compounds. 


More important than the alcohols, so far as odor is concerned, are the 
aldehydes, of which the following have been observed: 


43 Dissertation Eidgendesische Technische Hochschule, Zurich (1946). 
43 Ber. Schimmel & Co., April (1907), 53. 

+4 Ibid. 

45 Ibid. 

46 Dissertation Eidgendssische Technische Hockseavie; Zurich (1946). 
41 Ibid. 48 Jbid. 
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Benzaldehyde. In the fraction bio 45°-46°; isolated through the bisulfite compound. 
Oxidation yielded benzoic acid m. 122°-123° (Schimmel & Co.*). 


n-Decylaldehyde. Small quantities in the fraction bs ~60°; semicarbazone m. 100°- 
101° (Schimmel & Co.). 


A Nonylaldehyde(?). From the fraction bs 65°-90° Schimmel & Co.® isolated, with 
sodium bisulfite, an aldehyde bs 80°, which yielded a semicarbazone m. 167° 
168°. Oxidation gave a nonylic acid b, 128°; zinc salt m. 127°-128°, copper salt 
m. above 200°. The aldehyde in question was a nonylaldehyde which, on oxida- 
tion, yielded a nonylic acid similar to pelargonic acid. 


Oleic Aldehyde. Years ago, Tiemann and Kriiger * reported oleic aldehyde as a 
constituent of extracted orris oil. Later, Schimmel & Co.® proved that this alde- 
hyde does not occur in distilled orris oil. 


The most important odorous constituents of orris oil are the ketones, 
principally the irones (see below). Aside from the irones, the oil contains 
several ketones of minor importance, most of which have been identified 
by Naves: °° 


Acetovanillone. Concrete of orris contains about 0.5 per cent of acetovanillone (also 
called apocynine). It is hydroxy-4-methoxy-3-acetophenone. 


Acetophenone. Isolated from the oil after removal of the acidic substances, by means 
of reagent P of Girard and Sandulesco. Semicarbazone m. 199°-199.5°; dinitro- 
2,4-phenylhydrazone m. 248°-249°. 


Acetoveratrone. This dimethoxy-3,4-acetophenone was also isolated with the re- 
agent P of Girard and Sandulesco. Semicarbazone m. 217°-218°; dinitro-2,4- 
phenylhydrazone m. 206°-207°. 


A Hydroxy Ketone(?). In the fraction bg 153°; ap +13°0’. This a,8-unsaturated 
hydroxy ketone C,4HO:2 is perhaps a hydroxydihydroirone. Semicarbazone 
m. 243°-244°: dinitro-2,4-phenylhydrazone m. 168°-168.5°. 


A Ketone C10H1.0 . In the fraction bs 65°-85°. This a,8-unsaturated ketone Ci0H1,0 
gave a semicarbazone m. 167°-168°, and a dinitro-2,4-phenylhydrazone m. 148°- 
149°. On regeneration from its semicarbazone the ketone exhibited a minty odor. 


A Ketone CioH1g0. Previously Schimmel & Co.* had noted that the fraction b, 65°- 
71° of orris concrete contains a ketone C;9H:30 of mint-like odor. The semi- 
carbazone melted at 217°-218°. 


Irones. By far the most important constituents of orris oil are the irones, a mixture 
of hydroaromatic, unsaturated ketones Cy,H20, first discovered in the oil by 
Tiemann and Kriiger, and since then the object of a great many investigations. 
Details will be found in Vol. II of the present work, pp. 466 ff. Since the printing 
of that volume at the end of 1948, however, the lively polemic between Ruzicka 
and his co-workers on the one side, and Naves and his collaborators, on the other, 


49 Gildemeister and Hoffmann, “Die Atherischen Ole,” 3d Ed., Vol. IT, 421. 

60 Ber. Schimmel & Co., April (1907), 53. 52 Ber. Schimmel & Co., April (1907), 53. 
61 Ber. 26 (1893), 2675. 58 Helv. Chim. Acta 82 (1949), 1851, 2171. 
54 Ber. Schimmel & Co., April (1907), 65. Cf. sbsd., October (1908), 62, 
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has continued and new data have been brought to light. In general, the two 
groups of researchers have not deviated much from their original contentions, 
but details, particularly new derivatives of the various isomeric forms, have been 
added. These will be briefly reported in a special section below. 

The irones can be isolated in absolutely pure form from oil of orris by frac- 
tional distillation of the neutra] (nonacidic) constituents in a high vacuum, and 
by subsequent treatment with reagent P of Girard and Sandulesco. 


Acetaldehyde. 


Methy! Alcohol. was, : 
Found by the Schimmel chemists, in the cohobation waters. 
Diacetyl. 


Furfural. 


In 1950 Treibs © published the results of his investigation on the first 
and last fractions of orris oil—work which he had completed a few years 
earlier (in 1944). For the isolation of the ketonic constituents from mix- 
tures Treibs used the acid phthalic esters of their oximes, and thus suc- 
ceeded in separating a number of alcohols, aldehydes and ketones, some of 
which had already been identified by Naves (see above): 


Furfural. In the first fraction. 
A Terpene(?). Also in the first fraction. Not identified. 
An Aldehyde(?). In the second fraction. Not identified. 


A Monoketone CioHieO2. By 66°-72°, d?° 0.9180, a% +5° 15’, n% 1.46988; semi- 
carbazone m. 151°-152°. In the third fraction. 


Another Monoketone CioH1eOs. By 65°-70°, d2° 0.9596, a® +16° 40’, n%? 1.48348; 
semicarbazone liquid. Also isolated from the third fraction. 


2-Nonen-l-al. In the fourth fraction. Characterized by means of the semicarbazone 
m. 165.5°-166.5°. 


Two a,8-Unsaturated Monocyclic Ketones CioH:s0. Both possessed an agreeable, 
slightly minty and carvone-like odor. The properties of the two ketones were 
similar: bg 82°-86° and 85°-92°, d%° 0.9242 and 0.9345, a7? +10° 10’ and +5°0’, 
n? 1.46802 and 1.47292, respectively. The semicarbazone of the first ketone did 
not crystallize; that of the second ketone melted at 165°-166°. Naves had re- 
ported a melting point of 167°-168° for the semicarbazone of his ketone CyoH}.0 
(see above). Hence the ketone noted by Naves is probably identical with the 
second of the two ketones reported by Treibs. 


A Ketone CioH160. Bg 80°-85°, d2® 0.9410, a +25° 50’, n® 1.48071. This ketone 
exhibited a sweet carvone-like odor. It yielded a semicarbazone m. 218°; hence 
it may be identical with the ketone CioH1s0 observed years ago in orris oil by 
Schimmel & Co. (see above), which gave a semicarbazone m. 217°-218°. 


58 Chem. Ber. 88 (1960), 431. Cf. Treibs and Réhnert, sbid., 186. 
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As regards the last fraction of orris oil, Treibs isolated these substances: 
Ethyl Myristate. In the neutral portion. 
Irone Cy4H20. In the first and second fractions of the last run. 


Sesquiterpene Alcohols CisHx0. Probably bicyclic, d2° 0.9762, a#9 +2° 45’, n#? 
1.51600; odor agreeable, reminiscent of cedarwood and Russian leather. Dehy- 
dration of these sesquiterpene alcohols yielded no azulene, nor any clearly charac- 
terized aromatic hydrocarbon. Oxidation with chromic acid gave partly acids, 
partly a ketone C,;H2,0, with a vetivone-like odor. 


The total alcohols of the orris oil (which had been isolated from the fore- and last 
runs by the boric acid method) were separated into seven fractions. Fraction I had 
a geraniol-like odor; Fractions II and III an odor reminiscent of camphor; from 
Fraction III to Fraction V the odor became increasingly agreeable, mild and tea-like. 
The following compounds were isolated from these fractions: 


A Secondary Alcohol CyoH1.0. Oxidation with chromic acid gave a ketone C)9H),0 
(similar to thujone), the semicarbazone of which melted at 226°. 


Another Secondary Alcohol CioHieO. Oxidation with chromic acid yielded a ketone 
CioH,0 (similar to carvone), the semicarbazone of which was viscous. 


Trol(?). Oxidation of Fraction VI with chromic acid resulted in a ketone Cy4H22O0 
(similar to y-irone), the odor of which resembled that of ionone and irone. The 
semicarbazone melted at 153°-154°. The parent alcohol, therefore, was probably 
irol CuHeO. 


A Hydroxy Ketone Cy,.H2O:2. Separated from Fraction VII. It had a pleasant and 
mild, tobacco-like odor, and yielded a semicarbazone m. 239°-241°. The ketone 
undoubtedly i is identical with the hydroxy ketone of Naves (see above). 


Eugenol. Identified in the combined phenolic portions of the fore- and last runs. 


Acetophenone. Characterized by means of its semicarbazone m. 198°-199°. Presence 
previously reported by Naves (see above). 


Acetoveratrone. Identified by preparation of its semicarbazone m. 215°-216°. Pres- 
ence also previously noted by Naves (see above). 


COMPOSITION OF THE NATURAL IRONES 


It is primarily on the question of the relative proportions of the irone 
isomers composing the irone mixture in orris oil that the two research 
groups—Ruzicka and his collaborators, and Naves and his co-workers— 
are in disagreement. 

Ruzicka et al., reported a ratio of about 75 per cent of y-irone to about 
25 per cent of a-irone in all the irone samples which they isolated from 
orris concretes. The y-irone was determined by the quantity of formalde- 
hyde formed on ozonization (correction factor 100/35).°° Results were 


56 Rusicka, Seidel, Sching and Tavel, Helv. Chim. Acta 81 (1948), 257. Seidel, Schinz 
and Ruzicka, tbid. 82 (1949), 1739, 2560. 
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confirmed by means of quantitative spectroscopic determination in the 
infrared spectrum. y-Irone exhibited the 8(CH)—vibration frequency at 
890 cm.—?, and v(CC)—vibration frequency at 1642 cm.—1; a-irone ex- 
hibited the same vibrations at 812 and 1675 cm.—}, respectively.®* 

Naves and his co-workers, on the other hand, at first reported that the 
irones which they isolated from orris concretes (distilled from Tuscany 
rhizones) were practically homogeneous and, in regard to physical proper- 
ties, analogous to a-ionone. They, therefore, concluded that pure a-irone 
was the principal constituent.°* This interpretation appeared to be sup- 
ported by the similarity between the ultraviolet and the Raman spectra of 
natural irone and those of synthetic 6-methyl-a-ionone.5* However, in oils 
of various origin investigated more recently, Naves et al. have noted a 
content of y-irone ranging from 10 to 53 per cent.” 


Isomerization of Natural Irone 


When a natural irone consisting of 75 per cent of y-irone is heated with 
formic acid to 100°, or permitted to stand with a 10% alcoholic solution of 
potassium hydroxide or sodium hydroxide, the y-irone disappears com- 
pletely, and a mixture of a- and £-irone is formed. On boiling of the 
natural irone with a concentrated aqueous solution of oxalic acid, the con- 
tent of y-irone decreases to about 50 per cent. On shaking with a cold 40% 
aqueous solution of potassium hydroxide, or with 2-normal hydrochloric 
acid, no appreciable isomerization takes place. Isolation of the natural 
irones from orris concrete by means of Girard and Sandulesco’s reagent P 
hardly influences the content of y-irone.** No isomerization takes place 
with aqueous sulfuric acid below 60°. On treatment with concentrated 
sulfuric acid isomerization to B-irone occurs. 


Stereoisomerism of the Irones 


For a discussion of the theoretically possible stereoisomeric forms of a-, 
f-, and y-irone the reader is referred to Vol. II of the present work, p. 468. 


87 Giinthard and Ruzicka, tbid. $1 (1948), 642; $2 (1949), 2125. Giinthard, Rusicka, 
Schinz and Seidel, zbid. 82 (1949), 2198. 

58 Naves and Bachmann, tbid. 80 (1947), 2222. 

59 Naves et al., ibid. 30 (1947), 1599, 2221, 2233, 2241; $1 (1948), 893, 1427. 

60 Naves, tbid. 831 (1948), 893, 912, 2047; 32 (1949), 2186. 

61 Ruzicka, Seidel, Sching and Tavel, tbtd. 81 (1948), 257. Cf. Vol. II of the present 
work, p. 468. 

62 Seidel, Schinz and Ruzicka, Helv. Chim. Acta 82 (1949), 1739. 

63 Naves, tbid. 82 (1949), 1058. 

64 Koster, Ber. 77 (1944), 559. Bichli, Seidel, Schinz and Rusicka, Helv. Chim. Acta 82 
(1949), 1751. 
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According to Naves,® the a- and y-irones possess a cis (2,6) configuration; 
the substituents on the double bond in the side chain are also in the cis 
position.*© In the nomenclature which he proposed for the various irones, 
Naves * calls the cis (2,6) isomers simply “Irones,” and the trans (2,6) 
isomers “Isoirones.” “Neo” compounds possess the trans (21,27) form. 





CH——CH — CO-——CHs 
2! = 28 





(For the structural formulas of a-, B-, and y-irone, see Vol. II of the 
present work, p. 466.) 


a-Irone: cis (2,6), cis (21,27), a-irone 
Iso-a-irone: trans (2,6), cis (2!,2?), a-irone 
Neo-a-irone: cis (2,6), trans (2',27), a-irone 


Neo-iso-a-irone: trans (2,6), trans (2!,27), a-irone 
B-Irone: cis (2!,27), B-irone * 
Neo-§-irone: trans (2},2?), B-irone. 


The y-irones correspond to the «-irones, only the symbol being changed. 


d-y-Irone 

Ruzicka et al. 

Earlier preparation (cf. Vol. II of the present work, p. 470): dj° 0.939, 
ap +22°0’, np 1.505. (This product still contained about 10 per cent of 
a-irone.) 

Later preparation: ® d2? 0.9368, ap +8° 0’, n¥ 1.5006. 

Derivatives: ® Phenyl-4-semicarbazone m. 178°; dinitro-2,4-phenylhydra- 
zone m. 130°-131°; thiosemicarbazone m. 127.5°-128.5°. 

65 Tbid. $1 (1948), 893, 1103. 

66 Naves and Bachmann, tbid. 30 (1947), 2222, 2233, 2241. 

67 Jbid. $2 (1949), 970. For illustration of models see tbid., 613. 

*On the basis largely of spectroscopic studies, Naves (Bull. soc. chim. [5], 18 [1951], 
243) has more recently questioned whether f-irone may not actually possess the con- 
figuration of neo-f-irone, viz., trans (21,22), B-irone. 

68 Bachli, Seidel, Schinz and Ruzicka, tbid. 82 (1949), 1744. 


69 Jbid 
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Naves et al. 

‘‘Neo-y-irone”’ [cis (2,6), trans (2', 2), y-irone]. 

Earlier preparation: ® d2° 0.9348, [a] +25°7’, n? 1.5012. 

New preparation: 7 d3° 0.9355, [a]? +7° 36’, n® 1.5019. 

Derivatives: 7 Phenyl-4-semicarbazone m. 178°-179°; dinitro-2,4-pheny]l- 
hydrazone m. 146°-146.5°; thiosemicarbazone m. 169.5°-170°. 


Dihydro Compound (obtained with Raney Nickel) 

Ruzicka et al.: ™ Semicarbazone m. 199°-200°; dinitro-2,4-phenylhydrazone 
m. 108°-109°. 

Naves et al.: ™ Semicarbazone m. 199.5°-200°; dinitro-2,4-phenylhydrazone 
m. 109°-110°. 


d-a-Irone 
Ruzicka et al.” 

Natural irone was isomerized, with formic acid, to a mixture of a- and 
f-irones, and the a- form separated by means of the phenyl-4-semicarbazone 
m. above 151°. 

di? 0.9358, ap +114°0’, nd 1.5013. 

(This product still contained about 5 per cent of 6-irone.) 

Derivatives: Phenyl-4-semicarbazone m. 153°-154°; dinitro-2,4-phenyl- 
hydrazone m. not constant. 

Earlier preparation: Phenyl-4-semicarbazone m. 160°-161°; thiosemicarba- 
zone m. 180° (cf. Vol. II of the present work, p. 469). 


Naves et al.” 

“o-Trone” [cis (2,6), cis (2',2), a-irone]. 

dz? 0.9349, [a]> +226°0', np 1.5003. 

Derivatives: Phenyl-4-semicarbazone m. 157.5°-158°; dinitro-2,4-phenyl- 
hydrazone m. 125.5°-126°; p-bromophenylhydrazone m. 169°-170°; thio- 
semicarbazone m. 182.5°—183°. 

Earlier preparation: Phenyl-4-semicarbazone m. 162°-163° (cf. Vol. II 
of the present work, p. 469). 


Dihydro Compound (obtained with Raney Nickel) 
Ruzicka et al.: 7” Semicarbazone m. 171°-172°; dinitro-2,4-phenylhydrazone 
m. 128.5°-129°. Probably cis (2,6) configuration. 


70 Naves, tbid. $1 (1948), 912. 

71 Tbid., 2047. 

72 Tbid., 2049; $2 (1949), 603. Cf. Tables, sbid., 2193, and “Proceedings of the Scientific 
Section of the Toilet Goods Association” (1949), No. 11. 

78 Bachli, Seidel, Schinz and Ruzicka, Helv. Chim. Acta 82 (1949), 1744. 

74 Naves and Bachmann, tid. 80 (1947), 2231. Naves, sbid. 81 (1948), 913, 2050; 82 
(1949), 971. 

75 Bachli, Seidel, Schinz and Ruzicka, tbid. 82 (1949), 1744. 

76 Naves, tbid. 82 (1949), 599, 612. 

77 Bachli, Seidel, Schinz and Ruzicka, ibid. 82 (1949), 1744. 
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Naves et al.:® Semicarbazone m. 172.5°-173° and m. 203.5°; dinitro- 
2,4-phenylhydrazone m. 130°-131° and m. 106°—106.5°. 


l-a-Irone 
Ruzicka et al.” 

Natural irone was isomerized with alcoholic potassium hydroxide; 6- form 
separated by means of its semicarbazone, a- form by means of its phenyl- 
4-semicarbazone. The remaining product still contained a small percentage 
of B-irone. 

d2° 0.9314, ap —79° 30’, nv? 1.4973. 

Derivatives: Phenyl-4-semicarbazone m. 164°-165°; dinitro-2,4-phenyl- 
hydrazone m. 103°-104°. 


Naves et al.™ 

“l-Neo-c-irone” [cis (2,6), trans (2',2?), a-irone]. 

d2° 0.9347, ap —8° 12’, n& 1.5013. 

Derivatives: Semicarbazone m. 164°-165°; phenyl-4-semicarbazone m. 
181.5°-182°; dinitro-2,4-phenylhydrazone m. 153°-154°; thiosemicarbazone 
m. 188.5°-189°. 

Dihydro Compound (obtained with Raney Nickel) 

Ruzicka et al.:*! Semicarbazone m. 143.5°-144.5°; dinitro-2,4-pheny]- 

hydrazone m. 114°-115°. Probably trans (2,6) configuration. 





d-B-Irone 
(occurs in genuine natural irone only in traces) 


Ruzicka et al. 
1. Natural irone was isomerized with alcoholic potassium hydroxide, and 
the §- form separated by means of its semicarbazone: 
dl5 0.9485, ap +41°0’, np 1.5205. 
Derivatives: Semicarbazone m. 167°-168°; thiosemicarbazone m. 165° 
166°; phenyl-4-semicarbazone m. 160°-161°. 
(Cf. Vol. II of the present work, p. 469.) 
2. Natural irone was isomerized with concentrated sulfuric acid: ® 
d2° 0.9444, ap +11° 18’, n® 1.5178. 
Derivatives: Dinitro-2,4-phenylhydrazone m. 131°—132°. 
78 Naves and Bachmann, tbid. 80 (1947), 2231. Naves, sbid. 81 (1948), 893, 1103. 
79 Bachli, Seidel, Schinz and Ruzicka, «bid. 82 (1948), 1744. 
80 Naves, ztbid. $1 (1948), 1280, 1876; $2 (1949), 599, 971. 
81 Bachli, Seidel, Schinz and Rusicka, «bid. 82 (1949), 1744. 
82 Bachli, Seidel, Schinz and Ruzicka, tbid. 
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Naves e al.* 
Natural irone was isomerized with concentrated sulfuric acid: 
d2? 0.9456, [a]® +20° 0’, n® 1.5180. . 
Derivatives: Dinitro-2,4-phenylhydrasone m. 135°-136°; phenyl-4-semi- 
carbasone m. 167°-168°; thiosemicarbazone m. 167.5°-168°. 
Koster * 
Natural irone was isomerized with concentrated sulfuric acid: 
di® 0.9472, ap +48° 24’, n& 1.5160. 
Derivatives: Semicarbazone m. 166°-167°; thiosemicarbazone m. 166°-167°. 
(Cf. Vol. II of the present work, p. 469.) 


Dihydro Compound (obtained with Raney Nickel) 

Ruzicka et al.: * Semicarbazone m. 161°-162°; dinitro-2,4-phenylhydrazone 
m. 104°-105°. 

Naves et al.: * Semicarbazone m. 157°-158°; dinitro-2,4-phenylhydrazone 
m. 103°-104°. 


Tetrahydroirone 

Ruzicka et al. 

Tetrahydroirone was regenerated from its semicarbazone m. 203°-204° 
(cf. Vol. II of the present work, p. 471): ” 

di‘ 0.9173, ap +35° 0’, n® 1.4721. 

Natural irone was hydrogenated, with platinic oxide (PtO2) in acetic ester 
solution, to tetrahydroirol, and the latter reoxidized with chromic acid (CrO3) 
to tetrahydroirone. 


Stereoisomeric Tetrahydroirones: ® 


Dinitro-2,4-phenyl- p-Nitrophenyl- 


Semicarbazone hydrazone hydrazone 
(m.) (m.) (m.) 
I. °-204° 116°-117° 139°-140° 
II. 160°-161° 76°-77° ses 
III. 162°-164° 135°-136° 
IV. 154°-155° 81°-83° 


I and II were obtained by hydrogenation of the original irone mixture, III 
and IV from an irone isomerized by boiling with sulfuric acid (20%). I prob- 
ably has the cis (2,6) configuration, II probably the trans (2,6) configuration. 
88 Naves, tbid. $1 (1948), 912; 82 (1949), 600; cf. Tables, ibid., 971. 

84 Ber. T7 (1944), 559. 
85 Bachli, Seidel, Schinz and Ruzicka, Helv. Chim. Acta 82% (1949), 1744. 
86 Naves, tbid. 81 (1948), 1875; cf. Table, tbid. 832 (1949), 971. 


87 Ruzicka, Seidel and Firmenich, ibid. 24 (1941), 1434. Ruzicka, Seidel and Brugger, 
sbid. 30 (1947), 2168. 


88 Seidel, Schins and Rusicka, ibid. 82 (1949), 2113, compilation. 
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Naves et al. 

Natural irone was hydrogenated, with platinic oxide (PtO2) in glacial 
acetic acid solution at 60°, to tetrahydroirol, and the latter reoxidized with 
chromic acid (CrO3) to tetrahydroirone: 

Semicarbazone m. 201°~202°; from this the tetrahydroirone regenerated: 

d2° 0.9218, [alp +39° 39’, ny) 1.4743. 

Derivatives: Dinitro-2,4-phenylhydrazone m. 130°-130.5°; p-nitrophenyl- 
hydrazone m. 142°-143°; no semicarbazone obtained. 


Conclusion 


As was pointed out above, Ruzicka and his collaborators found that the 
natural irones present in orris concrete consist of about 75 per cent of 
y-irone, and about 25 per cent of a-irone. The quantity of B-irone present 
in the concrete is very small. Naves and his co-workers, on the other hand, 
first claimed that the natural irone mixture consists chiefly of a-irone. 
Later, they conceded that the quantity of y-irone may be as high as 53 
per cent in some samples. 

Using his own nomenclature, Naves * suggests that the concrete of orris 
contains the following irones: 


Neo-y-irone 


Another y-irone,* probably resulting from isomerization; dinitro-2,4-phenylhydra- 
zone m. 126°-127°. 


a-Irone ** 

Iso-e-irone * 

Neo-a-irone * 

B-Irone,** in very small quantities. 


Use or Orgis CONCRETE, ABSOLUTE AND RESINOID 


The most important of all products derived from orris rhizomes is the 
concrete; it imparts strong, lasting, and alluring notes, reminiscent of violet, 


89 Naves, thid. 81 (1948), 1875. 

90 Ibid. $2 (1949), 2675. 

91 Ruzicka, Seidel, Schinz and Pfeiffer, tbid. 30 (1947), 1807. Naves, tbid. 81 (1948), 
2047. Naves and Bachmann, ibid. $2 (1949), 402. 

92 Naves, tbid. 82 (1949), 2192. 

98 Naves and Bachmann, wid. 30 (1947), 2222. Ruzicka, Seidel, Schinz and Pfeiffer, 
tbid. 30 (1947), 1807. Re optical activity (+226°), see Naves, tbid. $2 (1949), 2616. 
Re racemization, see Naves, ibid. 81 (1948), 1104, 1873; 82 (1949), 612. 

94 Naves, tbid. 81 (1948), 1287. 

95 Ibid., 1876. 

96 Ruzicka, Seidel, Schinz and Pfeiffer, zbid. 30 (1947), 1807. 
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to perfumes, cosmetics and high-grade soaps. In preparations where a 
higher solubility in alcohol is required, the absolute of orris will give excel- 
lent results. However, this latter product commands a very high price; 
it belongs among the most expensive raw materials available to the per- 
fumer. 

The resinoids of orris, of softer odor than the concrete, are much lower 
priced and produce good effects in soaps and in any preparation where a 
lasting odor is desired. 


SUGGESTED ADDITIONAL LITERATURE 


Y. R. Naves, “Progress in the Knowledge of the Irones” (A Chronological Sum- 
mary of the Bibliography), Perfumery Essential Ou Record 41 (1950), 121. 

R. Louis Joly, “Les Possibilités de la Culture de ]’Iris sur les Hauts-Plateaux 
Algériens,” Ind. parfum. 4 (1949), 449. 


OIL OF SAFFRON 


Steam-distilling saffron, the well-known spice derived from the stigma of 
Crocus sativus L. (fam. Iridaceae), in a current of carbon dioxide, Kayser ! 
obtained small quantities of a light colored, mobile oil with a strong and 
characteristic saffron odor. On exposure to air, the oil readily absorbed 
oxygen and turned viscous and dark. 

The principal constituent of the oil is safranal (cf. Vol. II of this work, 
p. 348). 

According to the author’s knowledge, the oil has never been produced 
on & commercial scale. 


1 Ber. 17 (1884), 2228. 
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OIL OF CALAMUS 


Botanical and Geographical Origin.—Acorus calamus L. (fam. Araceae), 
our common sweet flag, is a perennial growing wild on the edges of swamps, 
on the banks of rivers and ponds in North America, Europe, and Asia. It 
has a horizontal jointed rhizome of spongy texture from \% to 1 in. thick 
and sometimes several feet long. The rhizomes of the wild growing plants 
are collected in spring or late fall, washed, freed of fibrous root, and dried 
at moderate heat. 

The dried root (rhizome) has long been employed in medicinal prepara- 
tions and for the flavoring of liqueurs. It contains a volatile oil of peculiar, 
but pleasant, slightly sweetish odor, which can be isolated by steam dis- 
tillation. Prior to World War II commercial supplies of the drug came 
from the U.S.S.R., Central Europe, Roumania, India, and Japan. Roots 
from Japan have a somewhat harsher, more camphoraceous odor than the 
domestic or European material. 

Cultivation and Harvest.—Although calamus in the wild state grows in 
water, it may be cultivated, according to Stockberger,’ in almost any good, 
but fairly moist, soil. It usually does well on moderately dry upland soils 
that will produce fair crops of corn or potatoes. The plants are readily 
propagated from divisions of old roots. These should be set out in rows, 
1 ft. apart, in the fall, and well covered. During the growing season the 
plants require frequent and thorough cultivation. 

The roots are harvested in the fall. They can be readily dug up with a 
spade or turned out with a plow. The tops, together with about 1 in. of 
the rootstock, are cut off and used for replanting. The roots are washed 
and dried artificially at a moderately low degree of heat. The marketable 
product consists of the thick rootstocks deprived of their small rootlets or 
“fibers.”” These may be removed before drying, but more easily afterward, 
since they break off more readily when dry and brittle. These so-called 
“stripped” roots are more aromatic than those which have been peeled. 

According to Stockberger,? yields at the rate of 2,000 lb. of dried roots 
per acre have been obtained. 

The annual importation figures of calamus root into the United States 
are small, but they do not take into consideration the importation of oil of 
1 Pe Plants under Cultivation,” U. S. Dept. Agr., Farmers’ Bull. No. 663 (1935), 15. 
as 
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calamus from the U.S.S.R. and Roumania, which represent a large quantity 
of root material. 

Distillation and Yield of Oil—The rhizomes should not be peeled prior 
to drying, because peeling results in considerable losses of oil by evapora- 
tion and resinification. Highest yields of oil are obtained from dried un- 
peeled rhizomes that have been granulated immediately before they are 
charged into the still. 

According to Gildemeister and Hoffmann,® unpeeled dried European 
calamus roots yield from 1.5 to 4.8 per cent of oil, whereas the Japanese 
material yields up to 5 per cent of oil. Distilling dried European roots in 
Seillans (Var), France, the author obtained 0.94 to 2.2 per cent of oil, and 
from imported Japanese roots 4.63 per cent of oil. Fritzsche Brothers, Inc., 
New York, distilled domestic calamus roots and noted a yield of 3.3 per 
cent of oil. Kofler * reported yields of oil ranging from 0.48 to 2.23 per cent 
from powdered root material. The laboratories of the American Pharma- 
ceutical Association © obtained yields varying between 1.1 and 1.4 per cent, 
by using the Clevenger method in a somewhat modified form. 

Physicochemical Properties.—The volatile oil derived from calamus root 
is a yellow to yellowish-brown, somewhat viscous liquid, with a peculiar, 
warm, slightly camphoraceous odor, and a burning spicy flavor. 

(a) Ovls from European (including Russian) Root Material.—Gilde- 
meister and Hoffmann® reported these properties for European calamus 
oils: 


Specific Gravity at 15°.............. 0.959 to 0.972; in exceptional cases as low as 
0.9564 

Optical Rotation. .................. +9° 0’ to +31° 0’ 

Refractive Index at 20°............. 1.5028 to 1.5098 

Acid Number...............0ce cues Up to 3.7 

Ester Number. ................000: 4 to 18 

Ester Number after Acetylation...... 32 to 50 

Solubility.......... 0. ccc eee e eee Clearly miscible with 90% alcohol in almost 


any proportion; only sparingly soluble in di- 
lute alcohol. Clearly soluble in about 15 
vol. of 80% alcohol; also soluble in about 
1,000 vol. of 50% alcohol 


Senov * examined calamus oils from the far eastern part of the U.8.S.R. 
and noted the following properties: 


8‘Tie Atherischen Ole,” 3d Ed., Vol. IT, 396. 

4 Pharm. Monatsh. 16 (1935), 209. 

5 Bull. Natl. Form. Comm. 8 (1940), 224. 

¢‘Tjie Atherischen Ole,” 3d Ed., Vol. II, 397. 

t Arch. Sct. Biol. USSR. 44 (1936), No. 3, 173 (188, in English). 
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Specific Gravity at 15°.......... 0.9616 to 0.9738 

Specific Optical Rotation........ +9° 39’ to +23° 26’ 
Refractive Index............... 1.5211 to 1.5289 

Acid Number. ............0000. 1.2 to 2.0 

Ester Number................. 10 to 12 
Solubility..........cc ccc ceccees Insoluble in 70% alcohol 


Shipments of Russian calamus oil analysed by Fritzsche Brothers, Inc., 
New York, had properties varying within these limits: 


Specific Gravity at 15°/15°...... 0.952 to 0.955 

Optical Rotation............... +12° 48’ to +15° 0’ 

Refractive Index at 20°......... 1.5020 to 1.5031 

Saponificat'on Number.......... 4.7 to 7.5 

Solubility..............0 eee eeee Soluble in 5 vol. and more 
of 90% alcohol 


Oils distilled in Southern France (Seillans, Var), under the author's 
supervision, from European root material exhibited the following properties: 


Specific Gravity at 15°.......... 0.960 to 0.974 

Optical Rotation............... +15° 50’ to +18° 40’ 

Refractive Index............... 1.5045 to 1.5070 

Saponification Number.......... 6.8 to 7.5 

Solubility............... cece Soluble in 0.5 and more vol. 
of 90% alcohol 


(b) Ors from Japanese Root Material_—According to Gildemeister and 
Hoffmann,* the oils derived from Japanese calamus root usually have a 
higher specific gravity and are more soluble in 80 per cent alcohol than the 
European oils. These authors reported the following values for Japanese 
calamus oil: 


Specific Gravity at 15°.............. 0.973 to 1.023 

Optical Rotation. .................. +7° 20’ to +26° 30’. In a few cases laevoro- 
tatory Japanese oils have been observed: 
—5° 36’ to —11° 25’ 


Refractive Index at 20°............. 1.511 to 1.528 
Acid Number..................005 Up to 2 
Ester Number...............00000- 2 to 8 
Ester Number after Acetylation (five 
determinations).................. 5 to 34 
Solubility............ 0... c cece eee Soluble in 1 to 10 vol. of 80% alcohol; the di- 


luted solution occasionally shows opales- 
cence. Soluble in 1 vol. and more of 90% 
alcohol 


8 “Die Atherischen Ole,” 3d Ed., Vol. II, 397. 
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Oils distilled under the author’s supervision in Southern France (Seillans, 
Var) from imported Japanese calamus root had these properties: 


Specific Gravity at 15°.......... 0.975 to 0.985 

Optical Rotation............... +2° 8’ to +13° 44’ 

Refractive Index............... 1.5051 to 1.5090 

Saponification Number.......... 3.7 to 12.1 

Solubility...... 0.0.0.0... cee eens Soluble in 1.5 vol. and more of 80% 


alcohol; some oils are soluble only 
in 6 to 7 vol. of 80% alcohol 


(c) Oils from North American Root Material.—Oils of calamus distilled 
by Fritzsche Brothers, Inc., New York, from domestic calamus root ex- 
hibited the following values: 


Specific Gravity at 15°/15°...... 0.950 to 0.974 

Optical Rotation. .............. +13° 48’ to +15° 0’ 

Refractive Index at 20°......... 1.5013 to 1.5069 

Saponification Number.......... 8.4 to 10.7 

Solubility......... 00. ccc cee eens Soluble in 0.5 to 5 vol. and more of 
90% alcohol 


The properties of the domestic oil approach those of the European, rather © 
than of the Japanese oil. 


(d) Owls from Indian Root Material—Rao, Sudborough and Watson,’ 
(I), and Kelkar and Rao’ (II) distilled the dried rhizomes of Indian 
Acorus calamus L., and obtained oils with these properties: 


I IT 

Specific Gravity at 15°/15°............ 1.0694 1.076 
Optical Rotation. ...............0008 +6° 12’ —1° 30’ 
Refractive Index. ..............0c000 n25 1.5030 n® 1.5461 
Acid Number...............02c ee eeee 1.4 2.4 
Saponification Number................ 5.1 4.1 
Saponification Number after Acetylation 16.6 15.7 
Methoxy Content. .......... 0.0 ee eeee cee 36.7% 
Solubility at 8°............ 0.0 c ee eee .. Soluble in 1.5 

vol. of 70% 

alcohol 


Two lots of imported Indian root distilled commercially by Fritzsche 
Brothers, Inc., New York, showed the following properties: 


I II 
Specific Gravity at 15°/15°.. 1.083 1.081 
Optical Rotation........... —0° 52’ Inactive 
Refractive Index at 20°..... 1.5522 1.5510 
Acid Number.............. 2.8 2.6 


9 J. Indian Inst. Sct. 8A (1925), 149. 
10 [bid. ITA (1934), 25. 
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I II 
Saponification Number...... 7.5 10.6 
Solubility..............008. Soluble in 0.5 vol. _ Soluble in 0.5 vol. 
of 80% alcohol. of 80% alcohol 
Opalescent in and more 
10 vol. 


(e) Ors from Javanese Root Material.—Two oils of calamus distilled 
in the Botanical Garden of Buitenzorg (Java) and analyzed by Schimmel 
& Co.™ had the following properties: 


I II 
Specific Gravity at 15°........ 1.0783 1.0771 
Optical Rotation............. +0° 53’ +0° 51’ 
Refractive Index at 20°....... 1.55043 1.55065 
Ester Number............... 12 = 
Solubility.................... Soluble in 1 to 1.5 vol. 


of 70% alcohol, with 
slight separation of 
paraffins 


These oils differed from the European oils by their higher specific gravity, 
much lower optical rotation, higher refractive index, and better solubility. 
Chemical Composition.—Early attempts at elucidating the chemical com- 
position of calamus oil by Martius,’? Schnedermann,*® Gladstone,* and 
Kurbatov ?® gave practically no results and need not be discussed here. 
Moreover, some of the oils examined by these workers were probably adul- 
terated. Since the beginning of the century, however, the oil has been 
studied quite thoroughly by a number of researchers, among them chiefly 
Schimmel & Co.,’* von Soden and Rojahn,?” Thoms and Beckstroem ** (who 
investigated the high boiling fractions of a Japanese oil), Asahina ’® (Japa- 
nese oil), Semmler and Spornitz 7° (Russian oil), Asahina and Imai” (high 
boiling fractions of a Japanese oil), Ruzicka and collaborators,?? Kelkar 
and Rao ®* (Indian oil), Rao and Subramaniam ** (Indian oil), and Qudrat- 
i-Khuda et al.?° (Indian oil). 
11 Ber. Schimmel & Co., April (1909), 21. 
123 Tiebigs Ann. 4 (1832), 264, 266. 
18 Jbid. 41 (1842), 374. 
14 J. Chem. Soc. 17 (1864), 1. 
18 Ber. 6 (1873), 1210. Lsebigs Ann. 178 (1874), 4. 
16 Ber. Schimmel & Co., October (1899), 8. 


17 Pharm. Ztg. 46 (1901), 243. 
18 Ber. S& (1901), 1021; 85 (1902), 3187. Ber. deut. pharm. Ges. 12 (1902), 257. 


19 Apoth. Ztg. 21 (1906), 987. 28 J, Indian Inst. Sct. 17A (1934), 25. 
20 Ber. 46 (1913), 3700. 24 J, Chem. Soc. (1937), 1338. 
21 J. pharm. chim. [7], 11 (1915), 299. 25 J, Indian Chem. Soc. 16 (1939), 583. 


22 Helv. Chim. Acta & (1922), 348, 358. 
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The presence of the following compounds has been reported by these 
authors: : 


d-a-Pinene. Identified in the lowest boiling fractions of a Russian oil by Semmler 
and Spornitz. Nitrosochloride m. 108°. 


Camphene. Characterized by hydration to isoborneol m. 212° (Semmler and Spor- 
nitz). 


Cineole. Presence reported in calamus oils from the roots of wild-growing plants of 
the Voronezh District (U.S8.S.R.) by Chernukhin.*¢ 


Camphor. Identified by Semmler and Spornitz. Oxime m. 115°. 


Calamene. A sesquiterpene CisHx (cf. Vol. II of this work, p. 112), observed in the 
fraction bi: 130°-135° of a Russian oil by Semmler and Spornitz. 


Two Hydrocarbons(?) C;sH2z. From a Japanese calamus oil, Thoms and Beckstroem 
isolated two hydrocarbons of the empirical molecular formula CisH22; big 146° 
and bee 151°, dig 0.9330 and diez 0.9336, [alif +34° 50’ and [a]# —13° 18’, re- 
spectively. No solid derivatives could be obtained. 

Later Semmler and Spornitz expressed the opinion that the hydrocarbon CisH2 
is not a natural constituent of the oil, but an artifact originating by dehydration 
of a sesquiterpene alcohol C;;sH2,0 (see Calamenenol, below). 


Calamenol (Calameneno!l). The probably tertiary sesquiterpene alcohol C:;H3O was 
originally named calamenol. Later Semmler and Spornitz changed the name 
calamenol to calamenenol, and reserved the designation calamenol for a sequi- 
terpene alcohol Ci;H2.0, which has still to be found in the oil (re Calamenenol, 
see Vol. II of the present work, p. 282). Recently, Treibs *’ again applied the 
term calamenol to the tertiary alcohol C;,H2O, which is perhaps a dehydration 
product of calameone Ci3;H202. 


Asaronaldehyde. First isolated by Thoms and Beckstroem with bisulfite solution 
from the high boiling fraction of a Japanese calamus oil. This 2,4,5-trimethoxy- 
benzaldehyde is a crystalline solid m. 114° (cf. Vol. II of this work, p. 366). 


Eugenol. Identified by the same authors. Benzoyl compound m. 70.5°-71°. 


Methyleugenol. Reported also in a Japanese oil by Asahina, who characterized this 
phenolic ether by oxidation to veratric acid. 


Asarone. An important constituent of the oil (cf. Vol. II of this work, p. 535). This 
1,2,5-trimethoxy-4-propenylbenzene occasionally separates in the form of crys- 
tals m. 62°-63° from old oils containing a high percentage of it. Asarone was 
first noted in the high boiling fractions of a Japanese calamus oil by Thoms and 
Beckstroem. 


Calamol. An allyltrimethoxybenzene, isomeric with asarone (cf. Vol. II of this work, 
p. 540). Calamol is quite an important component of Indian calamus oil. 


36 Trans. Sci. Chem. Pharm. Inst. Moscow 19 (1928), 196 (201, in English). Chem. 
Abstracts 24 (1930), 206. 
27 Chem. Ber. 82 (1949), 532. 
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Calameone. First observed in the high boiling fractions of a calamus oil by Schimmel 
& Co., and by von Soden and Rojahn, and called “‘calamus camphor.” Later 
renamed “calameone” by Thoms and Beckstroem. The crystals melt at 168°- 
169° (for details, see Vol. II of this work, p. 279). According to Béhme,’* cal- 
ameone C,5H20z is a bicyclic sesquiterpene glycol, containing two tertiary hy- 
droxy groups and one double bond. On dehydration calameone yields a hydro- 
carbon C,sHo:, viz., calamenene. 

Recently, Treibs ** proved that calameone and calamenene have these struc- 


tures 

HO 

—2H,0 

—_—> 

\ 
vA 
HO 
Vas 
Calameone Calamenene 


Azulene(?). In the highest boiling fraction Kurbatov noted the presence of a deep 
blue oil which was probably an asulene. 


Fatty Acids. Extracting the high boiling fractions of a Japanese oil with a 2 per cent 
aqueous solution of sodium carbonate, Thoms and Beckstroem isolated n-heptylic 
acid (amide m. 96°), palmitic acid m. 32°, and an unsaturated acid. 


_ As regards the quantitative composition of the oil, Kelkar and Rao *° 
investigated an oil that had been distilled in India from dried rhizomes of 
Acorus calamus L. (yield 2.8 per cent) and found that the oil consisted of 
the following: 


Per Cent Per Cent 
Asarone.............. 82.0 oe-Pinene 
Calamenol............ 5.0 and 0.2 
Calamene............. 4.0 Camphene 
Calameone............ 1.0 Palmitic Acid 
Methyleugenol........ 1.0 n-Heptylic Acid 
No percentage given 

Eugenol.............. 0.3 Asaronaldehyde 

Butyric Ester(?) 


More recently Sorm and Herout *1 investigated the chemical composition 
of an oil of Acorus calamus L. of German origin and arrived at results 


28 Arch. Pharm. 278 (1940), 1. 

29 Chem. Ber. 82 (1949), 532. 

80 J. Indian Inst. Sci. 17A (1934), 25. 

81 Collection Czech. Chem. Commun. 18 (1948), 177. Chem. Abstracts 48 (1949), 3807. 
Cf. Ind. parfum. 3 (1948), 396. 
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partly confirming and supplementing, partly contradicting, the above- 
described findings of the earlier researchers. For this reason the work of 
Sorm and Herout will be reviewed here separately. They reported the 
presence of the following compounds in calamus oil: 


Terpenes(?). The lower boiling fractions bs 42°-70° of the oil, after separation of 
acidic and phenolic substances, contained terpenes which polymerized upon 
standing and were not further examined. 


d-Camphor. Present in small quantities only. 


An Aldehyde(?) CioHieO. A terpenic aldehyde CyoH 60 was observed in the oil. It 
gave a semicarbazone m. 133° and appeared to be of the citral type. The alde- 
hyde possesses a characteristic odor, and readily polymerizes. 


Terpene Alcohols(?). A mixture of tertiary monocyclic alcohols CigH,0 (terpineol 
type), containing one double bond per molecule. 
The above-named substances were responsible for the characteristic odor of 
the oil. 


Calamene. This sesquiterpene CisHa, deo 0.9226, nf? 1.5040, consisted of a mixture 
of a-calamene (a bicyclic sesquiterpene with two double bonds) and 8-calamene 
(a tricyclic sesquiterpene with one double bond). 


Acoroxide. A compound C;;HO, which probably possesses two double bonds and a 
carbonylic oxygen, was named acoroxide by Sorm and Herout. It was easily 
hydrogenated to Ci1sH2s0, which contained no active hydrogen and did not form 
a semicarbazone. 


Calamone. Sorm and Herout also isolated a ketone, calamone CisH20, bes 96°-99°, 
which yielded a semicarbazone m. 185°-187°. 


Calameone. The presence of calameone CisH2.02, m. 168°, in the oil was confirmed 
by Sorm and Herout. 


Acorone and Isoacorone. The same workers also found that the oil contains two 
isomeric diketones C1sH2Os, viz., acorone m. 100°-101°, and isoacorone m. 96°— 
97°. In 1949 Sorm and Herout * reported that these two sesquiterpenic dike- 
tones occur in the oil in enolization equilibrium, and separated them chromato- 
graphically. Acorone yields a disemicarbazone m. 211° (decomp.). Chemical 
reactions and infrared spectra indicate that acorone possesses the structural 
formula 





in which the 5-position is favored for the second carbonyl group. 
82 Collection Czech. Chem. Commun. 14 (1949), 728. Chem. Abstracts 44 (1950), 9384. 
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Use.—In India and in the Far East the powdered rhizomes are esteemed 
as a vermifuge and insecticide. 

Oil of calamus is used as an ingredient in flavors, particularly in liqueurs. 
The oil is employed also in perfumery. Because of its peculiar, warm, and 
somewhat spicy odor, it blends well into compositions of the heavier oriental 


type. 
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OIL OF COCONUT 


The crude fatty oil expressed or extracted from the nuts of Cocos nucifera 
L. (fam. Palmae) contains a number of fatty acids and other compounds of 
unpleasant odor and flavor, which have to be removed in order to make 
the fatty oil palatable. For this purpose the fatty acids are usually first 
eliminated; the residual fatty oil is then treated with superheated steam. 
The volatile oil thus obtained has a peculiar, rather disagreeable odor; 
it contains a number of carbinols and ketones, aside from some fatty oil 
carried over with the superheated steam. 

Haller and Lassieur,? and Schimmel & Co.? reported the presence of the 
following compounds in the volatile oil obtained by steam distillation of 
crude fatty coconut oil: 


d-2-Nonanol (d-Methy] n-Heptylcarbinol). For details see Vol. II of this work, p. 154. 
d-2-Hendecanol (d-Methyl n-Nonylearbinol). Cf. Vol. II of this work, p. 156. 
Methyl n-Amy] Ketone. Cf. Vol. II of this work, p. 375. 

Methyl n-Heptyl Ketone. Cf. Vol. II of this work, p. 376. 

Methyl n-Nonyl Ketone. Cf. Vol. II of this work, p. 377. 

Methyl n-Undecy] Ketone. Cf .Vol. II of this work, p. 378. 

An Unidentified Aldehyde. 


The volatile oil of coconut is not used as such in the perfume or flavor 
industries, but for the isolation of the compounds listed above. These, in 
turn, are employed as components of synthetic (imitation) essential oils 
and as starting material for the preparation of various synthetic aromatics. 


1 Compt. rend. 180 (1910), 1013; 151 (1910), 697. 
2 Ber. Schaummel & Co. (1925), 43. 
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OIL OF CYPERUS ROTUNDUS L. 


Cyperus rotundus L. (fam. Cyperaceae) is a grass which grows abun- 
dantly as a weed in moist areas of India, East and West Africa, Japan, 
and China. The air-dried tubers have a pleasant, violet-like odor, and are 
used in native perfumes, incense, and medicinal preparations. 

On steam distillation the dried tubers yield from 0.5 to 1.0 per cent of 
volatile oil. Although this has not been produced commercially, it has been 
the subject of several investigations during the past twenty-five years. 

Physicochemical Properties.—Oils distilled by Rao, Panicker and Sud- 
borough,! in India, exhibited these properties: 


Specific Gravity at 15.5°/15.5°.......... 0.9829 to 0.9907 
Optical Rotation at 25°................ +20° 6’ to +42° 48’ 
Refractive Index at 25°................ 1.5126 to 1.5156 
Acid Number....................00085 2.1 to 3.4 
Saponification Number................. 11.7 to 16.1 


Saponification Number after Acetylation. 66.5 to 98.1 


Oils distilled by Hegde and Rao? from Madras and Mysore tubers had 
the following properties: 


Specific Gravity at 30°/30°............. 0.9847 to 1.0009 
Specific Optical Rotation at 30°......... —11° 48’ to +35° 30’ 
Refractive Index at 30°................ 1.4980 to 1.5132 

Acid Number...............00 0c e ees 1.1 to 11.3 

Ester Number.............. 00.0 e eee 4.8 to 20.1 

Ester Number after Acetylation......... 63.3 to 100.8 


Two oils distilled by Kimura and Ohtani? in Japan (where the tubers 
are called “Kobushi’’) had these properties: 


I II 
Specific Gravity..................0005 di 0.9871 d38 0.9718 
Specific Optical Rotation.............. [ali +74° 28’ [a]® +84° 41’ 
Refractive Index. ...............0000- nlé 1.5036 n® 1.5076 
Acid NUM Der sic o oct ta caawaeawate 2.94 1.76 
Saponification Number................ 16.55 10.62 
Saponification Number after Acetylation 82.71 66.54 


1J. Ind. Inst. Sci. 8A (1925), 39. 

2J. Soc. Chem. Ind. 64 (1935), 388T. 

3 J, Pharm. Soc. Japan 48 (1928), Abstracts (in German), 128. The Japanese term 
“Kobushi” also applies to Magnolia kobus DC. 
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Chemical Composition.—The following compounds have been identified 
in the volatile oil derived from the tubers of Cyperus rotundus: 
l-x-Pinene. Small quantities only (Hegde and Rao). 
Cineole. Traces only (Hegde and Rao). 
Phenols (7). Small quantities; not identified (Kimura and Ohtani). 


Cyperene. A tricyclic sesquiterpene C;;H», amounting to as much as 32 per cent of 
the oil (cf. Vol. II of this work, p. 749). 


Cyperol. A tricyclic sesquiterpene alcohol C;3;H.,O, amounting to as much as 49 per 
cent of the oil (cf. Vol. IT of this work, p. 759). 


a-Cyperone. A bicyclic sesquiterpene ketone C,sH2.0. The chief constituent, present 
to the amount of 33 to 54 per cent (cf. Vol. II of this work, p. 453). 


Use.—According to the author’s knowledge, oil of Cyperus rotundus is 
not produced on a commercial scale. 
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OIL OF HOPS 


Essence de Houblon Aceite Esencial Lupulo Hopfenol 
Oleum Humuli Lupuls 


Introduction.—Hops, also called “Humulus,” “Lupulus,” or ‘Fructus 
Lupuli,” is the dried strobile (ovate membranous cone, somewhat conical 
catkins) of the female plants of Humulus lupulus L. (fam. Moraceae). The 
cones bear glandular trichomes at the base of each scale, surrounded by a 
pale yellow granular powder, called “Lupulin.” The lupulin grains are 
plainly visible and can easily be shaken from the flowers, after the latter 
have reached maturity toward the end of July. At first transparent and 
yellow in color, the lupulin grains become opaque as the plant matures, 
until they resemble flower of sulfur. The quantity of lupulin produced in 
each hop cone amounts to one-tenth to one-sixth of the weight of the cone. 

Lupulin contains resins and essential oil, imparting to beer, ale, stout, 
porter and other malt beverages their characteristic aroma and bitter flavor. 
Lupulin is the most important constituent of hops for the flavoring of beer. 

The practice of using hops for the flavoring of malt beverages (malt 
alone produces insipid beverages) goes back to early times. In 768 «D., 
King Pepin the Short donated hops gardens to the monastery of St. Denis; 
subsequently, many monasteries became famous for their brews. Accord- 
ing to Smith,’ hopped beer was in general favor in Germany by 1320-30 
A.D. From Germany hop culture spread to the Netherlands, France, Sweden, 
and Bohemia. Today the leading hop-producing countries abroad are 
Germany (Bavaria), Czechoslovakia (Bohemia), France (Alsace and West 
Flanders), Belgium (East Flanders), Holland, and England, the best quali- 
ties of hops originating from Bavaria and Czechoslovakia. As regards 
North America, the growing of hops began in the New Netherlands as early 
as 1629, and in Virginia in 1648, but did not become important until about 
1800. During the middle of the last century the industry shifted to the 
midwest, and finally to the Pacific Coast States. Today the world’s largest 
producers of hops are northern California, Washington, and Oregon. The 
northern part of New York State also supplies substantial quantities of 
hops. ‘ 

Botany, Planting, and Harvesting.—Hops are dioecious perennials, closely 
allied to hemp and nettles among the commonly known plants. New 


1“Varietal Improvement in Hops,” U. S. Dept. Agr. Yearbook Separate No. 1598 
(1937). 
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shoots are produced each year. The European type has been identified as 
Humulus lupulus L. (fam. Moraceae), but a native American type some- 
times has been called Humulus americanus Nutt.2, These two species in- 
clude all commercial hop varieties. 

According to Hoerner and Rabak,® hops are produced most successfully 
in regions with a mild climate, where abundant early rainfall is followed 
by warm dry weather as the crop approaches maturity. As regards soil, 
rich alluvial lands or deep sandy or gravelly loams are preferred. 

In general, the cultivation of hops resembles that of pole beans. Hops 
are commonly propagated from “root” cuttings and not from seed, because 
seedlings show little uniformity in the type of hops produced and tend to 
vary greatly as to time of ripening. Also, seedlings require more than one 
season to give satisfactory yields. In the United States, the common prac- 
tice is to plant the cuttings or sets in rows equidistant each way. As a 
rule, the hills are from 6% to 7 ft. apart. Hops may be grown on either 
poles or trellises; they reach a height of 25 to 30 ft., coiling clockwise 
around the supports. 

Hops are dioecious or unisexual; that is, the male and female flowers are 
borne on separate plants. In most countries abroad, male plants are not 
permitted to grow in a yard, but in this country it is a common practice 
to allow one male plant in a field to every hundred female plants. For beer- 
brewing only the cones of the female plants are desired; they develop with- 
out fertilization. However, the male plants serve to stimulate production 
of larger and heavier female plants, and in greater quantity. Fertilized hop 
plants develop seeds, which contribute to the weight of the cones, but are 
undesirable in beer-brewing. In lupulin content, hops of the seedless type 
do not differ materially from the seeded hops. 

Hops should be picked when fully mature. Unripe or immature hops are 
deep green in color, soft and pliable, lacking in resiliency and elasticity. 
The lupulin in unripe hops is not fully developed and contains less resins 
and essential oil than that in ripe hops. Fully matured hops possess an 
agreeable aroma and a maximum content of desirable constituents, on which 
their brewing value depends. They are usually bright yellowish-green in 
color, sticky, crisp or papery to the touch, and noticeably resilient (Hoerner 
and Rabak). Hops are picked either by hand or by machine. In the for- 
mer case, the harvesters have to be supervised strictly; being paid on a 
pound basis they have a tendency to include much undesirable material, 
such as leaves and stems, to which the brewing industry objects. Lately, 
very efficient stationary and movable hop-picking machines have been de- 
2“Gray’s Manual of Botany,” 8th Ed. (1950). 


8 “Production of Hops,” U. S. Dept. Agr., Farmers’ Bull. No. 1842 (1940). Cf. U. S. 
Dept. Agr., Tech. Bull. No. 16 (1928), 32. 


Google 


OIL OF HOPS 131 


veloped, which greatly facilitate the harvest and produce clean hops. 
Leaves and stems contain undesirable extractive matter, which imparts an 
objectionable taste to the brewed beverages. 

Freshly picked hops contain from 65 to 80 per cent of moisture, which 
must be reduced to about 12 per cent; otherwise heating will take place 
while the hops are being stored preparatory to baling. Such heating is 
likely to cause a brownish color, a change in the desirable resinous constitu- 
ents, and especially an alteration of the aroma (essential oil), resulting in 
&@ sour or musty odor. In practice, the drying temperature must not be 
too high. In certain sections where the atmospheric temperature in sum- 
mer is commonly above 100° F. the crop may be dried at the temperature 
of the natural air in 18 to 20 hr. by the use of forced draft. This can be 
done only in regions where the outside air is extremely dry. In more humid 
sections temperatures of 145° to 150° F. are frequently necessary and have 
been found satisfactory. If temperatures above 165° are required, the hops 
are apt to become dark and the lupulin deteriorates in quality. 

After drying, the hops are moved to a cooling house or cooler, where they 
are piled in huge heaps, and allowed to stand for ten to fourteen days, to 
undergo a curing or sweating process. During this period the moisture 
content of the hops is equalized, and they become tough and pliable, acquir- 
ing a finer taste and better aroma. During the curing process the hops 
should be handled as little as possible to prevent undue breakage, which 
affects their appearance and results in loss of lupulin. After completion of 
the curing process the hops can be baled and shipped to the breweries. 
(For further details concerning the production of hops in the United States, 
see the above-cited bulletin by Hoerner and Rabak.) 

As regards the cultivation of hops in Europe, the reader may be inter- 
ested in some observations which the author made in Belgium: 

Hops constitute one of the most important of Belgium crops. The plant, 
which has perennial roots, sometimes grows to a height of 8, 10, or 12 m,, 
creeping and climbing about poles or along iron wires stretched between 
posts, as described below. Hops are propogated with slips cut from the 
underground parts. Planting is done in March or April, only female plants 
being employed (only these bear cones). 

The plants may be grown: 


1. On long poles. These poles are stripped of their bark (to avoid insect 
infestation) and treated with creosote. They are generally 8 to 12 m. tall, 
8 or 10 cm. thick at the base, and placed upright in rows 2 m. apart—a 
distance which allows for the penetration of light and air to the plants. 
From 3 to 5 hop plants are trained to climb about each pole. 
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2. On galvanized iron wires. These are stretched between two poles 
placed 8 or 10 m. apart and rather sharply slanted, both to make the 
wire more taut and to withstand the pressure of the wind. The wires are 
strung out, like the strings of a harp, the interval between them being 
about 2 m. Along the length of the wire, wooden pegs are hammered into 
the ground, about 1.4 m. from each other. From these pegs, wires are 
stretched up (some 7 or 8 m.) to the overhead wire. It is up these wires 
that the hop plants are trained to twist and grow. 


Hop plantations are generally established in the neighborhood of cop- 
pices (poplar groves, e.g.), which protect them from strong winds. Hops 
are expensive to plant and maintain, demanding constant care and a great 
deal of hand labor. 

Harvesting requires dry and clear weather. Picking lasts from the be- 
ginning of September into October. If harvested from poles, the plant 
stalks are cut, about 1 to 1.2 m. from the ground, the pole is pulled up, 
maneuvered into a horizontal position, and the entwining hops are gath- 
ered. If harvested from wires, the supporting wire is cut, and the plants 
are carefully removed. 

After the plants have been gathered, they are transported to barns or 
sheds. The planter’s family then pluck the cones—a tedious and slow task, 
which keeps them busy all day. An expert man or woman may pick from 
25 to 30 kg. in a day. The cones are put into baskets, which are then 
emptied into driers, heated with coke or a small amount of coal. About 
5 kg. of green (fresh) hops are required per kilogram of dried commercial 
hops. 

A plantation sometimes lasts twenty years; but it may be profitable to 
renew it after eight or ten years. It must at all times be well fertilized and 
cultivated. 

Composition of Lupulin.—As was pointed out above, the most important 
constituent of dried hop cones is lupulin, a glandular yellow to brown 
substance containing an oleoresin which consists of resins and essential 
(volatile) oil. The resins impart to fermented beverages their character- 
istic bitter taste, while the essential oil is responsible for the characteristic 
aroma. 

The resins are divided into two major groups, viz., the soft resins and the 
hard resin. The soft a- and £-resins contain two crystallizable bitter 
substances of acidic character, viz., «-lupulinic acid or humulone, and 
B-lupulinic acid or lupulone, respectively. Humulone has the empirical 
molecular formula C2o:Hg9O5, lupulone the formula CogH3s0,4. These acidic 
substances, also known as “Hop-bitters,” are not carboxylic acids, but owe 
their acidic properties to enol formation. Their structural formulas have 
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been elucidated by Wieland and his collaborators,‘ by Wollmer,’ Walker,® 
and more recently by Verzele and Govaert.’ The quantities of humulone 
and lupulone occurring in hops vary considerably, ranging up to 10 per 
cent for the humulone, and being about 6 per cent for the lupulone. Both 
substances can be purified by crystallization from petroleum ether. Crystal- 
line humulone melts at about 64°, and has an a acid content of approx- 
imately 95 to 98 per cent (determined by titration). White crystalline 
lupulone melts at 92°-93°. The soft resins are extracted during boiling of 
hops in the wort, and impart the desired bitter taste to beverages. Humu- 
lone and lupulone are highly bacteriostatic against gram-positive bacteria 
(Hansens °). 

In 1950 Cook and Harris ® isolated, from English hops, a new constituent 
of the petroleum ether-soluble hop resins, viz., humulinone C2:HgoOg, a 
white crystalline substance m. 74°. 

The hard resin, also called y-resin, is an oxidation product, composed of 
hydroxy- and poly- derivatives of humulone, lupulone and certain constitu- 
ents of the essential oil. According to Dyr,’® the mixture represents dif- 
ferent stages of chemical alteration, beginning with the a- and £-bitter 
acids, and ending with the final oxidation, polymerization or hydrolysis 
phase. The hard resin has no significant effect upon the taste and aroma 
of finished beverages. 

Aside from the soft and hard resins, the lupulin also contains an essential 
oil which is responsible for the characteristic odor of the hop cones. On 
drying and aging of the hops, this oil is readily oxidized and polymerized. 
When stored over a prolonged period, dried hops lose much of their oil,™ 
partly by evaporation of the lower boiling constituents, partly by polymeri- 
zation of some components into hard resin (y-resin, which is odorless and 
tasteless), and partly by degradation of certain high boiling constituents 
into compounds with a disagreeable odor reminiscent of isovaleric acid and 
rancid cheese. The latter compounds give a most unpleasant odor to beer. 
It is, therefore, imperative to use only freshly dried hops for the brewing 
4 Ber. 6&8 (1925), 102, 2012; 69 (1926), 2352. Cf. Windisch et al. Wochschr. Brau. 44 

(1927), 453, 473, 485, 497; 46 (1929), 101, 111, 124. Chem. Abstracts 22 (1928), 2026: 

28 (1929), 4011. Beyaert and Cornand, Congr. intern. inds. fermentation, Confs. et 

communs. (1947), 236. 

6 Ber. 49 (1916), 780; 68 (1925), 672. 

6 J. Inst. Brew. 30 (1924), 712. 

7 Bull. soc. chim. Belg. 68 (1949), 432. Cf. Carson, J. Am. Chem. Soc. 78 (1951), 4652. 

8 Congr. intern. inds. fermentation, Confs. et communs. (1947), 302. Chem. Abstracts 
42 (1948), 7928. 

9 J. Chem. Soc. (1950), 1873. 

10 Chem. Obzor 20 (1945), 168. Chem. Abstracts 42 (1948), 7379. 


11 According to Salat [Kvas 64 (1936), 307. Chem. Abstracts 38 (1939), 7038], the loss 
amounts to about one-third of the amount originally present in the hops. 
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of malt beverages. The same may be said of the distillation of the essen- 
tial oil from hops. In the brewing of the wort, most of the essential oil is 
lost by evaporation, with the result that finished beverages will have the 
desired bitter taste imparted by the soft resins, but very little of the aroma 
of the hops. To restore the lost aroma, essential oil distilled from freshly 
dried hops is occasionally added to the beverage, after brewing of the wort 
(see below). 

Lupulin contains also a tannin, humulotannic acid, which is hydrolyzable 
into glucose and a substance known as “Hop-red.” 

Summarizing the chief value of hops in the brewing of malt beverages, 
it can be said that hops (principally the lupulin): 


1. Imparts the desired bitter taste 

2. Adds aroma, although most of the volatile oil is lost during brewing 
of the wort 

3. Acts as preservative against certain microorganisms 

4. Acts as a clarifying precipitation agent 

5. Helps to retain foam. 


Distillation, Yield, and Quality of Oil_—As can be readily seen from 
the foregoing, only freshly dried hops should be used for distillation pur- 
poses. It would be even better to employ nothing but freshly harvested, 
undried hops. This, however, is feasible only in the immediate areas of 
production. The older the dried hops, the lower is the yield and the poorer 
the quality of the oil. On prolonged storage of the hops the more volatile 
components of the essential oil are lost by evaporation, and a part of the 
oil is resinified to hard (y-) resin. Simultaneously, the luparol, a phenolic 
ether present in the high boiling portions of the oil, gradually undergoes 
decomposition, with the formation of isovaleric acid and a phenol, among 
other products. The isovaleric acid imparts a most unpleasant “cheesy” 
odor to old hops, which is carried over into the distillate, on distillation of 
the hops. Oils derived from old hops usually exhibit an abnormally high 
acid number, an undesirable feature, since the free acids must be removed 
to make the oil acceptable to the trade. 

Rabak 7* suggested using fresh lupulin (instead of fresh hops with the 
lupulin powder contained therein) for production of the oil. By doing so, 
Rabak obtained yields of oil slightly more than three times higher than he 
obtained from fresh whole hops. The oils from fresh Californian lupulin 
and from fresh Californian hops were very similar, but obviously differed 
considerably from the foreign oils, because the latter are always distilled 


12 Am. Perfumer 22 (1927), 6. 
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from dried hops. Fresh lupulin is now readily available during the hops 
harvest in the growing regions of the Pacific Coast as a result of the intro- 
duction of mechanical harvesters. It was mentioned above that during 
picking of the hops the lupulin powder detaches itself readily from the 
cones. If the hops are hand picked, as in Europe, some of the lupulin is 
lost on the ground; if harvesting machines are employed any lupulin falling 
off the bracts can easily be collected. Whether fresh lupulin or fresh hops 
cones (with the attached lupulin) should be used for distillation is a matter 
of opinion. In the author’s experience, lupulin powder causes foaming and 
“baking” in the still, which may become annoying, whereas steam distilla- 
tion of the cones offers no special problem. 

The usual practice now is to submit freshly dried hops to distillation 
with direct steam. This produces a normal yield and quality of oil. If old 
hops are used, the quantity of direct oil is much smaller than with freshly 
dried hops, much of the oil being dissolved and suspended in the distillation 
water. The latter then has to be redistilled or extracted with volatile 
solvents; the indirect oil thus obtained will be a heavy dark liquid with a 
very high acid number (chiefly isovaleric acid) and a disagreeable odor. 
If the indirect oil is added to the direct oil, the total oil will also have an 
abnormally high acid number and specific gravity, and an unpleasant odor. 
Such oils must then be rectified (redistilled) or otherwise reconditioned to 
yield an acceptable quality. Up to 65 per cent of oil may be lost in the 
process of rectification. 

Some producers use water distillation (cf. Vol. I of the present work, pp. 
112, 120, 142) for the isolation of the essential oil from the hops and submit 
the distillation waters to automatic redistillation (cohobation) during the 
process. With freshly dried hops this method gives fairly good results, 
except for the fact that the long contact of boiling water with the im- 
mersed hops causes hydrolysis of some constituents of the essential oil. 
The products of hydrolysis, particularly the acids, pass into the distillation 
water and, on cohobation, into the oil. If old hops are used, the total crude 
oil will be of such poor quality (dark color, high specific gravity, very high 
acid number, “cheesy” odor, etc.) that rectification may become quite 
difficult. 

In general, distillation of hops must be carried out carefully. If the rate 
(speed) of distillation is too high, particles of the resins will be carried 
mechanically into the distillate and impart a dark color and high acid 
number to the oil. On the other hand, if distillation is conducted too slowly, 
resinification and hydrolysis of the essential oil in the still will take place. 

Yield and quality of hops oil depend not only upon the age of the hops 
or lupulin and the method of distillation, but also upon a number of other 
factors, among them geographical origin and climatic conditions. Freshly 
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dried hops from Bavaria (Hallertau) and Bohemia (Saaz) give the best 
yield and quality of oil, but being in great demand for the brewing of high- 
grade beer, these types of hops are far too expensive for the distillation of 
oil. In general, therefore, European producers use Belgian and Alsatian 
hops for distillation purposes. Depending upon the age of the dried hops, 
the yield of oil varies from about 0.2 to 0.8 per cent, the average being 
0.4 to 0.5 per cent. According to Rabak,™ the essential oil occurs to the 
extent of 0.2 to 0.5 per cent in freshly dried hops, depending upon the variety, 
origin, method of drying, and conditions of age and storage. Distilling 
fresh Californian (undried) lupulin, fresh (undried) hops, and dried hops 
(two years in storage), Rabak** obtained 0.72, 0.23, and 0.12 per cent, 
respectively, of essential oil. Nebovidsky and Horel?® reported yields of 
oil varying between 0.2 and 0.37 per cent from Czechoslovakian hops that 
had not been sulfured. (It should be mentioned, in this connection, that 
hops or lupulin are occasionally sulfured, but such material is useless for 
distillation.) These yields refer to rectified oils. Nebovidsky and Horel 
used old hops for their experiments; the crude oils separated so much resin 
that they had a deep rusty color and an acrid odor, and had to be rectified. 
Distilling dried hops from Belgium, France, and Germany—some of the lots 
were freshly dried, others several years old—the author of the present work 
obtained from 0.14 to 0.87 per cent of crude oils. Most of these contained 
much resinous matter, and a substantial amount of free acids; their color 
was so dark, their odor so acrid, that they had to be rectified. Rectification 
yielded from 34 to 64 per cent of normal oils. Determining the essential 
oil content of freshly dried California, Oregon, and Washington hops in a 
Clevenger apparatus, the laboratories of Fritzsche Brothers, Inc., New 
York, obtained yields of 0.7, 0.6, and 0.6 per cent, respectively, of oil. 
Physicochemical Properties.—Like its odor, the physicochemical proper- 
ties of a hops oil depend chiefly upon the age of the hops (or lupulin) from 
which the oil is distilled, the method of distillation, and the age of the oil 
itself. In many cases the crude oils must be rectified to produce oils of 
normal odor and properties. An oil distilled from freshly dried hops is 
usually a thin liquid of light color, with a pleasant characteristic hops 
aroma. With the passage of time the color darkens to red-brown, the oil 
becomes viscous, the specific gravity increases, the solubility in alcohol 
decreases, and the aroma takes on a “cheesy” character, reminiscent of 
isovaleric and butyric acids; oils distilled from old hops exhibit similar 
qualities. These changes are caused by polymerization of the myrcene, 
18 Wallerstein Laboratories Communications 7 (1944), 173. 
14 Am. Perfumer 22 (March 1927), 6. 


15 Chimie & industrie 29 (1933), Special Number, 1208. Cf. Perfumery Essential Oil 
Record 26 (1934), 14. 
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one of the principal constituents of the oil, and by decomposition of the 
luparol, a phenolic ether, into a phenol and isovaleric acid. 
Gildemeister and Hoffmann ** reported these properties for oil of hops: 


Specific Gravity at 15°........... 0.855 to 0.899 

Optical Rotation................ —1° 0’ to +2° 27’ 

Refractive Index at 20°.......... 1.4852 to 1.4936 

Acid Number................... 0.5 to 10.0 

Ester Number.................. 13 to 40 

Ester Number after Acetylation... 18 to 46 
Solubility.................0..0... Very difficultly soluble in alcohol. Older 


oils are not clearly soluble even in 95% 
alcohol (the result, probably, of poly- 
merization of myrcene) 


Louveau ** steam-distilled hops of different geographical origins; he ex- 
amined the oils which separated directly from the distillate, and the water- 
soluble oils, the latter recovered by extraction of the aqueous portion with 
petroleum ether and removal of the solvent. Oil (I) was distilled from 
Bavarian hops, oil (II) from Bohemian hops, oil (III) from Burgundian 
hops. The letters (a) refer to the direct oils, the letters (b) to the indirect 
or water-soluble oils. 


Ia Ib Ila IIb IIIa IIIb 
Yield of Oil............ 0.30% 0.07% 0.28% 0.06% 0.35% 0.04% 
Specific Gravity at 15°.. 0.8617 0.9101 0.8673 0.9265 0.8715 0.9208 
Optical Rotation........ +0°18’.... —0°4’... —0°10’..... 
Refractive Index........ 1.4850 1.4910 1.4852 1.4922 1.4883 1.4968 
Acid Number.......... 9.1 25.6 11.5 33.8 8.5 34.3 
Ester Number.......... 21.0 45.5 24.5 58.1 20.3 32.2 


Distilling unsulfured Czechoslovakian hops, Nebovidsky and Horel *® 
obtained oils (yield 0.2 to 0.37 per cent), some of which had an agreeable, 
some a disagreeable, odor, and properties varying within these limits: 


Specific Gravity at 20°...... 0.831 to 0.861 
Refractive Index at 20°. .... 1.4740 to 1.4912 
Acid Number.............. 1.5 to 8.2 

Ester Number............. 23.1 to 39.1 


Steam-distilling two lots of Alsatian hops that had been harvested and 
dried several months previously, the author obtained 0.87 and 0.74 per 
cent of two crude oils which had the following properties, respectively: 

16 “Tie Atherischen Ole,” 3d Ed., Vol. II, 495. 
17 Rev. marques parfum. savon. 10 (1932), 420, 456. 


18 Chimie & industrie 29 (1933), Special Number, 1208. Cf. Perfumery Essential Oil 
Record 26 (1934), 14. 
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Specific Gravity at 15°...... 0.906 and 0.934 

Refractive Index at 20°..... 1.4948 and 1.5018 

Acid Number.............. 27.6 and 37.3 

Ester Number............. 19.6 and 21.9 

Solubility...............0.. Soluble in 0.5 vol. of 95% alcohol; turbid with 


more alcohol 


Rectification of the two crude oils yielded 63.2 and 55.5 per cent, re- 
spectively, of two rectified oils, possessing these properties: 


Specific Gravity at 15°...... 0.896 and 0.912 

Refractive Index at 20°..... 1.4928 and 1.4971 

Acid Number.............. 6.1 and 6.4 

Ester Number............. 34.7 and 12.5 

Solubility.................. Soluble in 0.5 vol. of 95% alcohol; opalescent 


with more alcohol 


Genuine hop oils of various origin examined in the laboratories of 
Fritzsche Brothers, Inc., New York, had properties varying within the 
following limits: 


Specific Gravity at 15°/15°.. 0.829 to 0.895, occasionally as high as 0.914 


Optical Rotation........... —1° 23’ to +2° 12’ 

Refractive Index at 20°..... 1.4691 to 1.4908, occasionally as high as 1.4939 
Acid Number.............. Up to 7.0 

Ester Number............. 14.9 to 61.5 

Solubility...............0.. Usually turbid in 10 vol. of 95% alcohol 


Rabak ?° described three hops oils distilled from fresh Californian lupulin 
(I), from fresh California hops (II), and from dry Californian hops that 
had been in storage for two years (III): 


I II III 
Specific Gravity at 20°........ 0.8312 0.8265 0.8737 
Optical Rotation............. —0° 44’ —0° 44’ tts 
Refractive Index at 20°....... 1.4735 1.4720 1.4733 
Acid Number................ 0.91 1.06 7.3 
Ester Number............... 41.3 41.4 78.0 


The odor of the oils was pleasant, strongly aromatic, and characteristic 
of hops. 

Chemical Composition.—The first investigation of the chemical composi- 
tion of hop oil dates back to 1822, but none of the work carried out in the 
course of sixty years by Payen and Chevallier,?° Wagner,?2 Personne,™* 
Kihnemann,”* and Ossipoff ** gave any tangible results. It was only dur- 
ing the last part of the nineteenth century that the first important findings 


19 Am. Perfumer 22 (March 1927), 6. 22 Compt. rend. 88 (1854), 309. 
20 J, Pharm. 8 (1822), 214, 538. 28 Ber. 10 (1877), 2231. 
21 J, prakt. Chem. 68 (1853), 351. 24 J. prakt. Chem. [2], 28 (1883), 447. 
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were reported by Chapman.”® Since then the oil has been investigated quite 
thoroughly by Semmler and Mayer,?* Deussen,*” Rabak,?* Chapman,** and 
more recently by Sorm and his collaborators.®*° 

The presence of the following compounds has been reported in the oil: 


Formaldehyde. Characterized by color reaction in the saponified oil (Rabak). 
Dipentene. Reported by Chapman * in the lowest boiling fraction of the oil. 


B-Myrcene. In the same fraction Chapman noted the presence of a low boiling olefinic 
terpene which, on hydration, yielded an ester with an odor reminiscent of laven- 
der oil. Later, Semmler and Mayer identified this terpene as 8-myrcene (ef. 
Vol. II of the present work, p. 8). Myrcene is one of the most important con- 
stituents of the oil, causing part polymerization of the oil on aging. 


Linalodl and Linalyl Isononylate. Noted by Chapman * in the middle fractions of 
the oil. The linalod] occurs in these fractions partly free, partly as ester, prob- 
ably with isononylic acid. 


Geraniol. Also reported by Chapman as a constituent of the oil. 


Myrcenol. According to Rabak, this olefinic terpene alcohol occurs in the oil partly 
free, partly esterified with enanthic, caprylic, and pelargonic acids. 


Methyl Nonyl Ketone. Years ago Chapman * isolated from the fraction by 87°-97° 
of hops oil a ketone bs 74°-76° of agreeable odor. He assigned the empirical 
molecular formula Ci3H2202 to this ketone and named it ‘“Luparone.”’ Separat- 
ing the pure compound chromatographically, Sorm, Mleziva and Arnold * re- 
cently proved that the ‘‘Luparone”’ of Chapman in reality is methyl nony! ketone. 


Luparol. A new phenolic ether CigH2.02, be 122°-124°, optically inactive, with a 
weak but pleasant odor. Its constitution has not yet been elucidated (cf. Vol. II 
of the present work, p. 766. Note, however, that luparol is a phenol ether, not a 
phenol, as stated erroneously in Vol. II). On decomposition, luparol yields a 
phenol, among other products, and isovaleric acid. The latter causes the dis- 
agreeable, ‘‘cheesy”’ odor of old hops and old hop oils. 


Luparenol. An unsaturated sesquiterpene alcohol C;;H,O, bs 125°-128°, containing 
one double bond. The constitution of luparenol is still unknown (cf. Vol. II, 
p. 762). 


Humulene. Years ago Deussen ** suggested that this sesquiterpene C;,Hx is closely 
related to a-caryophyllene. This has recently been confirmed beyond doubt by 


25 J, Chem. Soc. 64 (1895), 54, 780. 

26 Ber. 44 (1911), 2009. 

37 J. prakt. Chem. [2], 88 (1911), 483. Liebigs Ann. $88 (1912), 149. 
28 J, Agr. Research, U. S. Dept. Agr., Washington 2 (1914), 115. 
29 J, Chem. Soc. 88 (1903), 505; (1928), 1303. Cf. J. Inst. Brew. 86 (1929), 247. 
80 Collection Czech. Chem. Commun. 14 (1949), 693, 699, 716, 723. 
81 J, Chem. Soc. 88 (1903), 505. 

83 Ibid. Cf. J. Inst. Brew. 85 (1929), 247. 

88 J, Chem. Soc. 67 (1895), 54; (1928), 1303. 

84 Collection Czech. Chem. Commun. 14 (1949), 693. 

88 J. prakt. Chem. [2], 83 (1911), 483; [2], 120 (1928), 133. 
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Sorm and his collaborators ** who showed that humulene contains three ethylenic 
linkages and is, therefore, monocyclic. Hydrogenation gave the saturated hexa- 
hydrohumulene CisH30, bis 120°-122°, d2° 0.8637, n7? 1.4723, whereas treat- 
ment with perbenzoic acid yielded humulene trioxide Ci5H2,O, m. 122.5°. Ozo- 
nolysis of humulene furnished a,a-dimethylsuccinic acid, which had been ob- 
tained earlier by Chapman *? when he submitted humulene to oxidation with 
chromic acid. 

Comparing the infrared spectrum of a-caryophyllene (from clove oil) and that 
of its hexahydro derivative with those of humulene (from hops oil) and of its 
hexahydro derivative, respectively, Herout, Streible, Mleziva and Sorm #8 found 
them to be identical. Therefore, they proposed that the name caryophyliene, 
which indicates bicyclic hydrocarbons, in the case of the a-isomer be replaced 
by the term “humulene” which is monocyclic. 


Other sesquiterpenes, CisHa. Aside from humulene, Sorm and his co-workers ** 
noted the presence, in the volatile hops oil, of natural farnesene, an acyclic sesqui- 
terpene with four double bonds, two of which are conjugated (2,6-dimethyl-10- 
methylene-2,6,11-dodecatriene), and a §-caryophyllene type which is bicyclic 
and contains one double bond. 


Acids, Free and Esterified. Among the acids present in the oil, free and as esters, 
Rabak identified free formic, valeric and enanthic acids; and esterified formic, 
acetic, butyric, caprylic, pelargonic, and capric acids. 


According to Rabak,* oil of hops has the following quantitative com- 
position: 


Myrcene................ 30 to 50% 
Humulene............... 15 to 25% 
Esters of Myrcenol....... 20 to 40% 


The high ester content reported by Rabak, however, is not quite in 
accord with the ester numbers usually observed in hop oils. Nebovidsky and 
Horel *t reported the composition of Czechoslovakian hop oils as: 


Myrcene................ 30 to 50% 
Sesquiterpenes........... 15 to 25% 


the balance being made up of the other compounds described above. 


36 Collection Czech. Chem. Commun. 14 (1949), 693, 699, 716. 

87 J, Chem. Soc. 88 (1903), 513. 

38 Collection Czech. Chem. Commun. 14 (1949), 716. In 1950 Wolfrom and Mishkin 
[J. Am. Chem. Soc. 72 (1950), 5350] proposed a structural formula for humulene 
(a-caryophyllene), which, however, was shortly afterwards challenged by Clemo and 
Harris [Chemistry Industry (1951), 50. J. Chem. Soc. (1951), 22]. At the time of 
the printing of the present volume, a lively controversy regarding the configurations 
of humulene and f-caryophyllene is going on among several groups of researchers, 
and various structural formulas have been tentatively advanced. For details, see 
Perfumery Essential Oil Record 42 (1951), 326; Chem. Abstr. 45 (1951), 8482, 9485. 

89 Collection Czech. Chem. Commun. 14 (1949), 699. 

40 J, Agr. Research, U.S. Dept. Agr., Washington 2 (1914), 115. 

41 Chimie & industrie 29 (1933), Special Number, 1208. Cf. Perfumery Essential Oil 
Record 25 (1934), 14. 
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Louveau,*? who investigated an oil distilled from Bavarian hops, arrived 
at still other conclusions: 


Myrcene................ About 22% 
Sesquiterpenes........... About 56% 


the balance consisting of the other constituents of the oil. 

According to Sorm, Mleziva and Arnold,* the essential oil of Bohemian 
hops contains chiefly myrcene, pelargonic esters, MeCOC gH), a crystalline 
triterpene Cgp>Hs50, m. 34°, and another triterpene m. 60°, a +17°0. 

Use.—Very small quantities of hop oil are employed in the flavoring of 
certain liqueurs, and in some perfume compositions, to which the oil im- 
parts tonalities most difficult to identify. However, the proper application 
and dosage of the oil require great experience and skill, in order to achieve 
the desired results. 

The principal use of hop oil is in the flavoring of malt beverages, particu- 
larly beer. In the foregoing it has been mentioned that during the long- 
continued boiling of the wort, most of the essential oil contained in the 
hops evaporates, or is altered and lost. Liiers ‘* reported that two batches 
of beer brewed from the same type of malt, but from two different qualities 
of hops, exhibited a marked difference in taste (due to the “hop bitters”), 
but no difference in odor. To restore the lost hop aroma, some brewers add 
oil of hops to the cooled beverage, after brewing. They claim that a true 
hop-flavored beverage is one that has not only the bitter taste of the hops, 
but the aroma as well. However, brewers are not in accord as to the 
proper and most effective procedure for combining and retaining the aroma 
in the beverages. Czechoslovakian experts, for instance, claim that owing 
to its insolubility, addition of oil of hops to the finished beer gradually 
causes haziness in the beverage, which should be of sparkling clarity. Vari- 
ous methods for overcoming this difficulty have been devised, the most 
recent one being that of Rabak.** He recommended shaking 1 volume of 
oil in 5 volumes of 95 per cent ethyl! alcohol; the clear supernatant solution 
will contain about 85 per cent of the oil. This alcoholic essence contains 
only the more soluble and aromatic alcohols and esters of the oil. Addi- 
tion of 3 to 5 oz. of the essence to 100 barrels of beverage imparts a 
pronounced hop aroma to the beer. 

42 Rev. marques parfum. savon. 10 (1932), 420, 456. 
48 Collection Czech. Chem. Commun. 14 (1949), 693. 


44 Wochschr. Brau. 44 (1927). 588. 
45 Wallerstein Laboratories Communications 7 (1944), 173. 
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SUGGESTED ADDITIONAL LITERATURE 


Albert Couvreur, “Essence de Houblon,” Ind. parfum. 1 (1946), 274. 

T. W. Campbell and G. M. Coppinger, “The Synthesis and Absorption Spectra of 
some Analogs of Humulone,” J. Am. Chem. Soc. 73 (1951), 1849. 

J. F. Carson, “The Hydrogenation of Lupulone and Humulone,” J. Am. Chem. 
Soc. 73 (1951), 1850. 
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OIL OF CANADIAN SNAKEROOT 
(Asarum canadense L.) 


Essence de Serpentaire du Canada Canadvsches Schlangenwurzelol 
Aceite Esencial Serpentaria Oleum Asari Canadensis 


Asarum canadense L. (fam. Aristolochiaceae), a native of North Amer- 
ica, is a low perennial herb growing wild in partly shaded, moist, and 
loamy sections of our woodlands. The plant has a horizontal rhizome, 
from 5 to 17 cm. long, and 2 to 4 mm. thick, with several fibrous rootlets, 
about 7 cm. long and 1 mm. thick. The rhizomes and rootlets contain an 
essential oil of pungent flavor and somewhat spicy odor which can be 
isolated by steam distillation of the dried root material. 

The root, commonly called “Canadian snakeroot’’? or “wild ginger,’ is 
gathered in the spring and early summer by herb collectors in Virginia, 
North Carolina, Kentucky, and Tennessee. After removal of the fibrous 
rootlets, the rhizomes are dried and sold to the drug trade. 

Prior to distillation, the rhizomes have to be triturated. Distillation 
with live steam requires about 24 hr. The distillation waters should be 
cohobated. The yield of oil averages 3 per cent. 

Physicochemical Properties.—Oil of Canadian snakeroot is a yellow to 
yellowish-brown liquid with a strong, pleasant, and spicy odor and flavor, 
somewhat reminiscent of ginger. | 

Oils produced by Fritzsche Brothers, Inc., New York, had properties 
varying within these limits: 


Specific Gravity at 15°/15°....... 0.947 to 0.998 

Optical Rotation................ Inactive to —11° 20’ 

Refractive Index at 20°.......... 1.4843 to 1.5015, occasionally as 
high as 1.5082 

Acid Number.................4. 1.9 to 7.5 

Saponification Number........... 68.1 to 116.7, occasionally as low 
as 47.5 

Ester Number after Acetylation... 92. 4 to 144.2 

Solubility............ 0.000 eeeee Soluble in 1.5 to 2.5 vol. of 70% 


alcohol and more 


1 Not to be confused with Aristolochia serpentaria L. (“Virginia snakeroot”) or A. 
reticulata Nutt. (“Texas snakeroot”), which along with Asarum canadense L., belong 
to the family Aristolochiaceae. 
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Chemical Composition.—The chemical composition of the volatile oil 
derived from Asarum canadense L. was investigated by Power,? and by 
Power and Lees*® who reported the presence of the following compounds: 


a-Pinene. Identified by means of the nitrolpiperidine m. 118°-119°. The terpene 
occurs in the oil probably as d- and /-a-pinene. 


d-Linalodl. Characterized by oxidation to citral and preparation of the naphtho- 
cinchoninic acid compound m. 195°-198°. 


l-Borneol. Oxidation to camphor, the latter identified as oxime m. 115°-116°. 


l-a-Terpineol. Characterized by means of dipentene dihydroiodide m. 80°; also by 
oxidation to the ketolactone CioH1¢0s3, m. 62°. 


Geraniol. Identified by preparation of the diphenylurethane m. 81°-82°. 


Eugenol. Power and Lees first noted the presence of a phenol Cp>H)203. Later Kleber ¢ 
reported that he identified eugenol by means of its benzoate. 


Methyleugenol. Characterized by oxidation to veratric acid, and by preparation of 
the bromoeugenol methyl ether dibromide m. 78°-79°. 


A Lactone(?). Power and Lees observed in the oil a lactone of the empirical molecular 
formula, Cy4H20s. 


Asulene(?). The same authors noted the presence of a blue oil (perhaps an azulene) 
of unknown composition. It contained oxygen and exhibited the characteristics 
of an alcohol. 


Fatty Acids. Power and Lees also observed acetic acid, palmitic acid and other fatty 
acids in the oil. 


The quantitative composition of the oil is approximately as follows: 


Ge PINONG os hated Sal ees hha aes 2% 
Esters, calculated as CioH17-COOCH3...... 27.5% 
Free Alcohols, calculated as C1pH30........ 13.3% 
Total Alcohols, calculated as CyoHis0....... 34.9% 
Phenol Ethers, Calculated as Methyleugenol 
(Zeisel’s Method).............cccceecees 36.9% 


ae Boiling Constituents, including Azulene, 
EswisiatiGar amitamiein meee wo eeee ok tte ara ores About 20% 


Use.—Oil of Canadian snakeroot is used chiefly in flavors, to which it 
imparts warm and spicy notes. In medicinal preparations, tonic mixtures 


2 Proc. Am. Pharm. Assocn. 28 (1880), 464. Pharm. Rundsch., New York, 6 (1888), 101. 

8 J. Chem. Soc. 81 (1902), 59. 

‘Private communication of the late Dr. C. Kleber, Clifton, N. J. Gildemeister and 
Hoffmann, “Die Atherischen Ole,” 3d Ed., Vol. II, 530. 
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and infusions, it is employed as a feeble aromatic. Oil of Canadian snake- 
root blends well with orris; hence its use in certain perfume compositions. 


Suaagstzp ADDITIONAL LITERATURE 


Chester J. Cavallito and John H. Bailey (Winthrop Chemical Co., Inc., Rensse- 
laer, N. Y.), “Antibacterial Substances from Asarum canadense. Isolation, Physi- 
cal Properties, and Antibacterial Action,” J. Am. Chem. Soc. 68 (1946), 489. 


OIL OF ASARUM EUROPAEUM lL. 


Asarum europaeum L. (fam. Aristolochiaceae) is a perennial herb grow- 
ing wild in the shade of deciduous forests from Europe to Siberia. The 
plant requires a rich and humid soil. In Hungary the roots are collected 
and sold to the drug trade. On steam distillation the dried roots yield 
about 1 per cent of a viscous brownish oil with a strong aromatic odor and 
a burning pepper-like flavor. The oil is heavier than water (specific gravity 
1.018 to 1.068); on standing it occasionally deposits crystals of asarone. 

Little is known about the physicochemical properties of the oil. 

As regards its chemical composition, the presence of the following com- 
pounds in Hungarian oils has been reported by Geré,’ and by Bruckner 
and Széki: * 

A Terpene(?) (1-2%). According to Bruckner and Széki, the oil contains from 1 to 2 
per cent of a terpene CioHie, bss 62.5°. A few years earlier Gerd had observed 
terpinene in the oil. 

L-Bornyl Acetate (12-15%). Bruckner and 8zéki found that the Hungarian oil of 


Asarum europaeum differs from the German oil by the presence of l-borny] ace- 
tate in the former. 


A Seaquiterpene(?) (10-12%). The Hungarian oil also contains a probably tricyclic 
sesquiterpene CisH, bs 78°, dis 0.940 (Bruckner and Széki). 


Methyleugenol (15-20%). Characterized by oxidation to veratric acid (Bruckner and 
826éki). 


Asarone (30-35%). The chief constituent, m. 63°. The presence of this phenolic 
ether in the oil was first reported by Schmidt,* (who named it asarone), and later 
confirmed by Gerd, and by Bruckner and S2zéki (cf. Vol. II of this work, p. 535). 


1 Riechstoff Ind. 3 (1928), 176, 195, 214. 8 Tiebigs Ann. 58 (1845), 156. 
2J. prakt. Chem. (2], 184 (1982), 107. 
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Diasarone. Observed in the Hungarian oil by Gerd (cf. Vol. II of this work, p. 537). 


Asaronaldehyde (2-3%). First found in the oil by Gerd, later confirmed by Bruckner 
and §zéki (cf. Vol. II of this work, p. 366). 


Resinified Substances (10-12%). Reported by Bruckner and 8zéki. 


In the Hungarian oil which he investigated, Gerd also noted the presence 
of an ether-lke compound C,;H130, beo22 155°-163°, as well as a sesquiter- 
pene and a sesquiterpene alcohol. 

The oil derived from the roots of Asarum europaeum L. is not produced 
on a commercial scale. According to Orient,‘ the oil is poisonous, causing 
hyperaemia of all organs, and inflammation of the kidneys and the uterus. 


4 Pharm. Monatsh. 11 (1930), 173. 


Google 


CHAPTER XIV 


ESSENTIAL OILS OF THE PLANT FAMILY CHENOPODIACEAE 


Google 


Generated on 2021-06-26 16:45 GMT / https://hdl.handle.net/2027/mdp.39015010948308 
Public Domain, Google-digitized / http://ww.hathitrust.org/access use#pd-google 


J]BOOr) Aq paziiiéig 


NVOIHSIIW 40 ALISHAAINN 
WO /EUIBIO 


OIL OF CHENOPODIUM 
(Oil of American Wormseed) 


Essence de Semen-contra d’Amerique or Essence d’Ansérine Vermifuge 
Amerkanisches Wurmsamenol 
Acette Esencial Chenopodium (Quenopodio) 
Oleum Chenopodu Anthelmintict 


Oil of chenopodium is the volatile oil derived by steam distillation from 
the overground parts of the flowering and fruiting plant, Chenopodium am- 
brostoides L. var. anthelminticum (L.) A. Gray (fam. Chenopodiaceae). 
High-grade oils contain not less than 75 per cent, by weight, of ascaridole. 
The anthelmintic properties of the oil are due to this terpenic oxide. 

Botany and Areas of Production—Chenopodium ambrosioides L. var. 
anthelminticum (L.) A. Gray, a coarse weed, grows wild in the eastern and 
southern parts of the United States. In certain areas (notably Maryland) 
it is cultivated. The plant owes its powerful, offensive odor to the volatile 
oil present in the glandular hairs of the seeds (fruit), stems, and leaves. 
The stalks contain very little oil. 

Chenopodium oil has been in use since the American Civil War. Methods 
of production were originally quite primitive: the plants were boiled in 
iron pots equipped with soapstone lids. The oil condensed against these 
lids, and dripping back, was skimmed off. It was sold mainly in Baltimore 
—whence the old name “Baltimore Oil.” 

Maryland remains the chief producer of chenopodium oil, the area of 
production being concentrated largely in a roughly circular area of a twenty- 
mile radius in Carroll, Frederick, Howard, and Montgomery counties, with 
Woodbine as the center of distillation. The plant is also cultivated else- 
where in the United States, but to no great extent. Attempts have been 
made to raise it in Brazil. 

There appear to be two types of Chenopodium ambrosioides L. var. 
anthelminticum, one designated “A,” the other “B.” The latter is the 
smaller plant, and has a reddish stem; the buds and flowers are more wide 
than long, and the seeds average 1 mm. or more in width. According to 
Weiland, Broughton and Metzger,’ of the two types, “B” contains the 
heavier percentage of ascaridole (the active principle of the essential oil) 


1“Wormseed Oil Production,” Agr. Expt. Sta., Univ. Maryland Bull. No. 384 (1935). 
151 


Google 


152 THE PLANT FAMILY CHENOPODIACEAE 


and yields the higher percentage of oil per unit weight of plant distilled. 
It also matures earlier. 

Cultivation.—The plant grows well in almost any kind of soil, but a good 
sandy loam is to be preferred. Most of the plantings in Maryland are 
located on loam or gravelly loam soils, generally high in potassium, and 
comparatively loose and easily worked. The country there is fairly hilly, 
well drained, with occasional patches of flat land or steep slopes. 

Seedbeds are usually laid on new land or along fence rows which have 
lain fallow for some years. They are prepared as for corn or tomatoes. 
Brush should be burnt over the ground to exterminate weeds, and the 
ground, after manuring, plowed to a loose, mellow bed. Planting is done 
in February, with stock consisting of shattered seed collected during the 
previous harvest. Two tablespoonfuls of seed suffice for about a hundred 
square feet. It appears quite probable that careful seed selection might 
result in strains yielding a higher percentage of oil. 

In June the young plants, 6 to 8 in. high, can be transplanted. They are 
removed from the plant bed and set out, 14 to 15 in. apart, in rows 3 ft. 
apart. Stockberger ? recommends transplanting between May 15 and June 
15, when the seedlings are 4 to 5 in. tall, with spacing of 10 in. between 
rows. Most growers employ transplanters. 

Fields must be kept free of weeds by shallow cultivation throughout the 
growing season; this necessitates a good deal of hand labor. Wormseed is 
quite a soil-exhausting plant, and cereal planted in the fall, after the worm- 
seed harvest, will usually yield an inferior crop. 

Experiments with fertilizers have been carried on by Weiland, Broughton 
and Metzger. Their tests included a nitrogen, phosphorous, and potash 
series, and a rate of application series. Greatest increase in ascaridole 
(about 20 per cent) was obtained as a result of using a high proportion of 
potash. A well-balanced phosphorous-nitrogen ratio appears to assure 
proper maturation of the plant—an important feature, since delayed mat- 
uration tends to lower the ascaridole content of the oil. Weiland, Brough- 
ton and Metzger found that the proportions of nitrogen, phosphorous, and 
potash should be 3:12:6 or 2:9:5, if wormseed is to be cultivated on manor 
or chester soils, but appreciably higher in potash if the crop is to be grown 
on other types of soil. Rate of application should be from 300 to 500 Ib. 
per acre, depending upon fertility of the soil and amount of stable manure 
employed. 

Harvesting.—Hogstad * observed that the plant develops its highest oil 
content during the pollination period. The oil at this time, however, is very 
2“Drug Plants Under Cultivation,” U. 8. Dept. Agr., Farmers’ Bull. No. 663 (1935). 


3 “Wormseed Oil Production,” Agr. Expt. Sta., Univ. Maryland Bull. No. 384 (19385). 
4Am. J. Pharm. 9 (1924), 809. 
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low in ascaridole, and consists largely of p-cymene. Hogstad found that 
the oil from flowering herb contains from 6 to 10 per cent of ascaridole, 
whereas that from herb with partly ripe seed contains from 6 to 20 per 
cent, and that from fully ripened seed 50 to 56 per cent, with very little 
p-cymene. Solubility of the oil in 70 per cent alcohol improves as the con- 
tent of ascaridole increases. Thus, the riper the seed, the higher the as- 
caridole content, and the better the solubility of the oil. 

Weiland, Broughton and Metzger® carried the work of Hogstad further 
and noted that a substantial portion of the ascaridole forms at the end of 
the flowering period. The highest content of ascaridole is to be found in 
plants matured to the point where most of the seeds have turned black. 
Plants allowed to stand until they have turned brown and have lost some 
of their leaves are likely to exhibit a diminished content of ascaridole. If 
too ripe, much seed may be lost by shattering. The exact moment for 
harvesting is thus a delicate problem: distillers advise allowing the plants 
to stand until the seed has matured. But the growers, fearing loss of seed 
by shattering and aware that the oil content of the plant decreases when 
the crop has passed the stage of maturity, prefer to harvest much earlier. 

Practically all of the crop is harvested by hand, the wooden stalks being 
cut with small axes, sharp hoes, or straight-blade corn knives; only a few 
of the larger growers use mowing machines or converted grain binders. 
Cutting the branches separately eliminates the handling of bulky and use- 
less woody stalks; a smaller still will then suffice for processing such 
material. 

After being cut, the plants are left in the fields to dry. This requires 
from a few days to a week, depending upon the weather. Loss of weight 
of the plant by drying amounts to approximately 50 per cent. 

One acre of chenopodium produces about six tons of fresh, or three tons 
of dried, plant material. Weiland, Broughton and Metzger ® showed that 
drying of the cut plants results in a marked increase in ascaridole content, 
not entirely attributable to loss of low-boiling constituents through evapora- 
tion. These investigators concluded that ascaridole is synthesized from 
p-cymene not only during plant growth (as had been previously suggested 
by Hogstad), but also during the drying process—possibly by enzyme 
action. 

When fully dried, the plant material is hauled to the distilleries, of which 
there are about eighteen in Maryland, some rather primitive, some quite 
up-to-date. The largest and most modern distillery is located in Woodbine. 
Not all of the distilleries operate during the harvesting period, since the 
larger ones can generally handle the entire crop. Many of the growers do 

5 “Wormseed Oil Production,” Agr. Expt. Sta., Univ. Maryland Bull. No. 384 (1935). 


6 Ibid 
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not have their own stills, but pay to still owners a fixed rate, per pound of 
oil distilled, for the privilege of using their equipment. When distillation is 
completed, the growers either sell their oil to the still owners or carry it 
home, with the hope of disposing of it later at a better price. 

‘Distillation.—Production of a high-grade chenopodium oil depends upon 
several factors: 


1. Rainfall. Rain in early summer, followed by dry and sunny weather 
during maturation, seed formation and particularly harvesting of the plant, 
generally causes a high yield of oil with a high ascaridole content. On the 
other hand, rain during seed formation, and particularly during harvesting, 
will result in a low yield of oil, of inferior quality. 

2. Maturity of the plant when cut. The riper the seed, the higher the 
yield and quality of oil. 

8. Method of distillation. Fifty or sixty years ago, chenopodium stills 
were somewhat primitive and equipped with such poor condensers that the 
distillate flowed comparatively warm. The oils, however, were of good 
quality, and clearly soluble in 70 per cent alcohol. Then, suddenly, in- 
ferior oils, with a low specific gravity, and soluble only in 80 per cent 
alcohol, appeared on the market. Even most thorough analysis of these 
oils could detect no adulteration, and for some time no satisfactory explana- 
tion for the inferiority of the new oils could be advanced. Schimmel & Co.’ 
then carried out distillation experiments in their own plant and observed 
the rather startling fact that too-efficient cooling of the condensate produced 
oils of poor solubility and of low specific gravity. It was then surmised that 
the distillers in Maryland might have installed more modern equipment, 
with a view to obtaining higher oil yields through more thorough cooling of 
the distillate. 

At low temperatures, the difference between the specific gravity of cheno- 
podium oil and that of the condensed (distillation) water is so small that 
oil and water separate only incompletely, and with difficulty. The heavier 
portions of the oil tend to remain suspended in the water, and partly run 
off as a milky, oil-in-water emulsion. As a result, the yield of direct oil is 
low. The direct oil, moreover, is of low specific gravity and poor solubility, 
and deficient in ascaridole, its most soluble, important and heaviest con- 
stituent. It would be easy to return the milky distillation waters to the 
still, and redistill them together with the next batch of plant material, but 
the very labile ascaridole would then be decomposed and the oil would be 
abnormal. The secret of the superiority of the oils distilled in the older 
type of still lay, therefore, in the fact that, at slightly elevated tempera- 


7 Ber. Schimmel & Co., April (1908), 108. 
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tures, the difference between the specific gravity of the oil and that of the 
condensed (distillation) water was sufficiently great to permit an easier 
separation of water and oil than is possible with more efficient condensers. 
(Cf. Vol. I of this work, p. 139.) In the case of chenopodium oil, at ele- 
vated temperatures of the condensate, the spent water runs clearer, since 
it contains little oil in suspension. The oil, moreover, is richer in ascaridole, 
hence of higher specific gravity and greater solubility in 70 per cent alcohol. 
Ascaridole, the chief constituent of chenopodium oil, decomposes on pro- 
longed boiling with water, and forms compounds of lower specific gravity, 
insoluble in 70 per cent alcohol. 

For production of an oil of high quality, Gildemeister and Hoffmann ° 
suggested that the distillation water be discarded entirely and that the 
temperature of the condensate be kept rather high. However, Weiland, 
Broughton and Metzger*® showed that the water layers generally contain 
some oil which, unless recovered, represents an appreciable loss. They 
recommend collecting the aqueous layers and pumping them into a special 
retort, for separate, rapid redistillation—i.e., apart from any fresh plant 
material. The oil of cohobation contains up to 85 per cent of ascaridole. 
Pauly *° found that practically pure ascaridole is obtained by redistilla- 
tion (cohobation) of waste liquids from distillation of the herb. If the 
suggestion of Weiland, Broughton and Metzger is followed, a 15 per cent 
increase in yield of oil, as well as an oil of better quality, may be obtained 
—which would certainly justify installation of a simple cohobation still. 
Unfortunately, some distillers do not seem to be interested in acting upon 
this suggestion. 


Distillation of wormseed, in a modern plant, proceeds as follows: 

Approximately 1,000 lb. of dried plants are packed tightly into a still 
of about 1,300-gal. capacity. The plant material is not comminuted prior 
to distillation. Hinged iron covers, balanced with counter weights, are 
tightly clamped on the still by means of winged bolts. Live steam, of 
about 100 lb. pressure, and generated in a separate boiler, enters the still 
through a perforated steam coil at the bottom. A grid prevents direct con- 
tact of the plant material with the steam coil. Distillation of one batch 
takes about 30 min. if the plant material is well dried, longer if the plants 
are wet. 

The oil separator, holding about 50 gal., is provided with a siphon, which 
leads the distillation water into a separate still for redistillation (cohoba- 
tion), whereby about 10 per cent of additional oil is obtained. The distil- 

8 ‘Die Atherischen Ole,” 3d Ed., Vol. IT, 538. 


® “Wormseed Oil Production,” Agr. Expt. Sta., Univ. Maryland Bull. No. 384 (1935). 
10 Ph.D. Thesis, University of Wisconsin, 1931. 
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late flows at a temperature ranging from 120° to 130° F., depending upon 
prevailing atmospheric temperature and upon the temperature of the creek 
water used for condensation. Russell?! found that the most complete 
separation of oil and water is obtained by keeping the temperature of the 
distillate at 140° to 163° F. He obtained more oil (of superior quality) by 
rapid distillation with a warm condenser than by slow distillation with a 
cold condenser. He reports no difference in the quality or yield of oil dis- 
tilled at a pressure of from 80 to 100 lb. per square inch; but he obtained 
oils of low gravity by distillation at 40 to 60 lb. pressure. 

In order to check the findings of the various investigators, the author of 
the present work suggested a number of experiments ?? to Mr. E. W. Pickett 
in Woodbine, Maryland. These were carried out in the course of the dis- 
tillation season, in the fall of 1942. The results fully confirmed the find- 
ings of earlier workers and proved that keeping the temperature of the 
distillate in the condensers between 150° and 160° F. (instead of the usual 
115° to 120° F.) raises the yield of oil by more than 10 per cent, and slightly 
increases the ascaridole content of the oil. 

Yield of Oil._—The yield of oil depends upon several factors, among them, 
weather conditions, the stage of maturity of the plant, and the method of 
distillation. Yields up to 2 per cent (from dried plant material) have been 
claimed, but in practice a yield of 1 per cent, or perhaps slightly higher, is 
considered normal. One acre of chenopodium produces, on the average, 
from 50 to 60 lb. of oil per year. 

Total Production.—The total yearly production of oil of chenopodium 
in Maryland depends chiefly upon the weather; in normal years it varies 
between 60,000 and 80,000 lb. In exceptionally favorable years (e.g., in 
1940) it amounted to almost 140,000 lb. 

Use of Spent Plant Material.—After completion of a charge, the exhausted 
plant material is hoisted from the still, dumped into a truck, and either 
spread on the fields to maintain fertility, or fed to cattle. For the latter 
purpose, the spent herb must be dried immediately after distillation, to 
prevent formation of mold. The installation of fast driers has been sug- 
gested. Weiland, Broughton and Metzger ?* found that animals can eat 
large amounts of the exhausted and shredded herb without suffering any 
toxic effects. They recommend its use in mixed feeds, or to supplement the 
feeding of forage crops. 

Physicochemical Properties.—Oil of chenopodium is a colorless to yellow- 
ish liquid with a pungent, most disagreeable, camphoraceous odor, charac- 
teristic of the seed. The flavor is bitter and burning. 

11 J, Am. Pharm. Assocn. 11 (1922), 255. 


12 For details see Drug Cosmetic Ind. 62 (March-April, 1943). 
18 “Wormseed Oil Production,” Agr. Expt. Sta., Univ. Maryland Bull. No. 384 (1935). 
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The properties of genuine chenopodium oils distilled in Woodbine, Mary- 
land, and examined by Fritzsche Brothers, Inc., New York, in 1949, varied 
within these limits: 


Specific Gravity at 25°/25°.... 0.937 to 0.990 


Optical Rotation at 25°....... —4° 20’ to —12° 27’ 
Refractive Index at 20°....... 1.4741 to 1.4778 
Ascaridole Content (Method of 
Cocking and Hymas)....... 71.6 to 91.0% 
Solubility at 25°.............. Soluble in 2 to 10 vol. of 70% alcohol, 


often with a haze or slight turbidity, 
sometimes with turbidity, occasion- 
ally with actual separation of oil 
droplets 


Not all of the oils included in the above figures can be considered of 
best quality. Practical experience suggests that oils of highest grade should 
meet the following requirements: 


Specific Gravity at 25°........ Not less than 0.960 

Optical Rotation at 25°....... Not less than —8° 0’ 

Refractive Index at 20°....... Not less than 1.4750 

Ascaridole Content (Method of 

Cocking and Hymas)....... Not less than 75% 

Solubility at 25°.............. Soluble in 8 vol. or less of 70% 
alcohol, with not more than 
slight turbidity 


Even oils with a high ascaridole content are often opalescent to slightly 
turbid in 8 vol. of 70 per cent alcohol. For a time it was thought that this 
might be due to an excessive amount of resinous matter in the oil, but this 
theory has since been disproved (see below). 

A Brazilian chenopodium oil distilled exclusively from seed and analyzed 
by Fritzsche Brothers, Inc., New York, had the following properties: 


Specific Gravity at 25°/25°.... 0.981 


Optical Rotation at 25°....... —0° 20’ 
Refractive Index at 20°....... 1.4765 
Ascaridole Content (Method of 
Cocking and Hymas)....... 91.6% 
Solubility.................05. Soluble in 2.5 vol. and more 
of 70% alcohol 


The oil was of exceptionally good quality. 
A second sample from the same source showed the following properties: 


Specific Gravity at 25°/25°.... 0.982 


Optical Rotation............. —0°7’ 
Refractive Index at 20°....... 1.4762 
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Ascaridole Content (Method of 


Cocking and Hymas)....... 84.0 
Solubility..............ccc00- Soluble in 2.5 to 3 vol. and 
more of 70% alcohol 


The optical rotation figures of these two Brazilian oils are very low 
owing to the fact that these samples were distilled from seed material 
exclusively. 

Oil of chenopodium should be stored in a cool room and protected from 
direct sunlight. Under the influence of light and heat the ascaridole con- 
tent of the oil gradually diminishes. The oil must be handled with great 
care and should never be heated above 100° C., because at that tempera- 
ture it is liable to decompose with explosive violence. 

Analysis.—The most important phase of the analysis of chenopodium 
oil is the determination of the ascaridole content. Details of the procedure 
are given in Vol. I of this work, p. 298. (In a footnote on p. 299 of that 
volume it is mentioned that the empirical factor 0.00665 used in the official 
British Pharmacopoeia procedure for converting the cubic centimeter of 
tenth-normal sodium thiosulfate into per cent weight of ascaridole is 
actually too high by about 10 per cent. Recently Lepetit ** suggested that 
0.00605 be used as a factor, replacing the factor 0.00665 of the British 
Pharmacopoeia, and 0.0084 of the French Codex.) | 

In 1948, Halpern *® reviewed the various methods which have been pro- 
posed for the determination of the ascaridole content of chenopodium oil, 
and investigated the possibility of utilizing the oxidative action of as- 
caridole on ascorbic acid as an assay procedure. However, Halpern did not 
find any evidence of a stoichiometric relationship between the reactants. 

The specific gravity, optical rotation, and refractive index of wormseed 
oil are determined in the usual way. In general, the higher the ascaridole 
content of an oil, the higher is its specific gravity, and the better its solu- 
bility. However, it should be kept in mind that old oils also exhibit high 
specific gravities and good solubility, while the ascaridole content decreases. 

The solubility in alcohol is not a reliable criterion of the ascaridole con- 
tent. As was pointed out above, even pure oils with a normal ascaridole 
content may occasionally be opalescent to slightly turbid in 8 volumes of 
70 per cent alcohol. Gildemeister and Hoffmann ** expressed the opinion 
that poor solubility of a chenopodium oil may be explained by the presence 
of substantial quantities of resinous matter, such as was observed by 
Schimmel & Co. on fractionation of a pure oil of their own production (see 
14 Thesis, University of Paris. Cf. Perfumery Essential Ow Record 40 (1949), 195. 


18 J, Am. Pharm. Assocn. 87 (1948), 161. 
16 ‘Nie Atherischen Ole,” 3d Ed., Vol. II, 545. 


Google 


OIL OF CHENOPODIUM 159 


below). In order to determine whether any relationship exists between 
solubility in alcohol and resinous matter in the oil, the laboratories of 
Fritzsche Brothers, Inc., New York?" assayed the evaporation residues of 
five American samples by heating the oils at 100° C. for a period of 4 hr. 
in & glass evaporation dish. It was found that the evaporation residues of 
these five genuine oils ranged from 0.9 to 1.2 per cent only. Some of the 
five oils were clearly soluble in 70 per cent alcohol, others exhibited slight 
turbidity. There appeared to be no consistent relationship between the 
solubility of these oils and the amount of residue left upon evaporation. 

This conclusion is in accord with certain observations of Nelson,* who 
determined the distillation (not the evaporation) residues of a number of 
chenopodium oils. In a series of fractionations of normal and aged oils, 
Nelson obtained distillation residues ranging from 0.9 to as much as 9.1 per 
cent. All of these oils were clearly soluble in 8 volumes of 70 per cent 
alcohol. On the other hand, two oils with distillation residues of only 2.8 
and 3.1 per cent exhibited slight turbidity in 8 volumes of 70 per cent alcohol. 
Two oils distilled from chenopodium plants growing wild in Florida had 
distillation residues of only 2.2 and 2.4 per cent, but were not completely 
soluble in 70 per cent alcohol. 

In general, slight turbidity in 8 volumes of 70 per cent alcohol should 
not be considered abnormal. However, partial turbidity in 8 volumes of 
70 per cent alcohol, with separation of droplets of oil, indicates an oil of 
poor quality. 

In an attempt to determine ascaridole content by fractionation, Schimmel 
& Co.’* fractionated several chenopodium oils of widely different physical 
properties, and arrived at these results: 


1. A normal oil (djs 0.9708) contained 62 to 65 per cent of ascaridole, 
about 22 per cent of p-cymene, and 4 to 6 per cent of distillation residue. 

2. An oil of low specific gravity (dis 0.9426) contained 45 to 50 per cent 
of ascaridole, about 38 per cent of hydrocarbons, and 4 to 6 per cent of 
distillation residue. The poor solubility of this oil was probably due to its 
high content of terpenes. 

3. A pure oil of Schimmel’s own distillation contained 65 to 70 per cent 
of ascaridole, only 20 per cent of hydrocarbons (p-cymene), and as much 
as 12.5 per cent of resinous distillation residue. The oil exhibited poor 
solubility in 70 per cent alcohol, the result, in the opinion of the investi- 
gators, of its high content of resinous matter. (It is also possible that the 
high distillation residue observed in this oil was the result of distillation 
with steam of relatively high pressure.) 


17 Unpublished reports 19 Ber, Schimmel & Co., April (1908), 118. 
18 J, Am. Chem. Soc. 42 (1920), 1204. 
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Chemical Composition.—The first investigation of chenopodium oil was 
undertaken almost a century ago by Garrigues,”° but did not lead to any 
conclusive results. It was only in 1908 that Schimmel & Co.?! determined 
the composition of ascaridole, the chief constituent of the oil. A few years 
later Wallach 22 succeeded in establishing the structural formula of as- 
caridole. Other investigations of the chemical composition of chenopodium 
oil are those undertaken by Nelson,?* and by Henry and Paget.2* The 
following compounds have been identified in oil of chenopodium: 


Dimethylene Oxide(?). From the forerun of large quantities of the terpene fraction, 
Henry and Paget isolated a few cc. of a substance CyHsQ,, b. 56°-57°, which was 
probably sym-dimethylene oxide. 


p-Cymene. That p-cymene occurs in the low boiling fractions, b. 172°, of chenopo- 
dium oil was first reported by Schimmel & Co., and later confirmed by Henry 
and Paget. Oxidation gave p-hydroxyisopropylbenzoic acid and p-propenyl- 
benzoic acid m. 159°-160°. 


A*- or A‘-Carene(?). According to Schimmel & Co., the p-cymene was accompanied 
by small quantities of a terpene, which reacted like sylvestrene, but was probably 
A*- or A‘-carene (cf. Vol. II of this work, p. 32). 


l-Isolimonene(?). In 1920 Nelson reported the presence of /-limonene in a hydrocar- 
bon fraction of the oil (preparation of a tetrabromide m. 104°-105°). Later 
Henry and Paget questioned Nelson’s conclusion, and expressed the opinion that 
the compound which he had taken to be /-limonene was more probably [-isolimo- 
nene b. 177°-178°, dis 0.847, [a)i® —57°0’, n?? 1.484; tetrabromide m. 117°, 
inactive. 

l-Limonene. At the same time Henry and Paget identified /-limonene in the terpene 
fraction of the oil, by means of the tetrabromide m. 104°, and by oxidation of the 
l-limonene to hydroxyterpenylic acid and levulinic acid. 


a-Terpinene. The same authors also established the presence of a-terpinene by 
preparation of the nitrosite m. 155°. 


d-Camphor. In the fraction boiling just below the main fraction Schimmel & Co. 
identified d-camphor by means of the semicarbazone m. 236° and of the oxime 
m. 118°. The occurrence of camphor in oil of chenopodium was confirmed by 
Wirth,?* by preparation of its semicarbazone m. 237°. (In the opinion of Henry 
and Paget, however, the compound does not exist in the oil.) 


Ascaridole. The content of ascaridole in chenopodium oil varies with the quality of 
the oil, high-grade oils containing not less than 75 per cent. The compound has a 
most obnoxious, nauseating odor. It is unstable to heat, and liable to explode 
at temperatures above 100°C. Nelson has shown that ascaridole undergoes 


20 Am. J. Pharm. 26 (1854), 405. 

21 Ber. Schimmel & Co., April (1908), 112. 

33 Tnxebigs Ann. 892 (1912), 59. 

38 J. Am. Chem. Soc. 42 (1920), 1204. Ibid. 88 (1911), 1405. 
34 J. Chem. Soc. 119 (1921), 1714; 127 (1925), 1649. 

25 J. Am. Pharm. Assocn. 9 (1920), 139. 
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molecular rearrangement when heated to 150°. It forms no known solid deriva- 
tives by which it can be characterized. (For details, cf. Vol. II of this work, p. 715.) 


Methyl Salicylate. Henry and Paget found that the oil contains methy! salicylate 
(lees than 0.5 per cent). Identified by means of the benzoyl compound of the 
ester, m. 83°; salicylic acid m. 156°. 


Butyric Acid. The same authors established the presence of butyric acid in the oil 
(analysis of the silver salt). 


Ascaridole Glycol. In the distillation residues Henry and Paget observed ascaridole 
glycol as chief component. 


Safrole(?). According to Gildemeister and Hoffman,** safrole is possibly a constituent 
of American chenopodium oil. On the other hand, Henry and Paget were unable 
to identify the compound. 


In the distillation waters of American chenopodium oil, Pauly *’ observed acetalde- 
hyde, acetone, methyl] alcohol, ethyl alcohol(?), ammonia, and methylamine. 


Use.—Chenopodium oil is one of the best-known anthelmintics, used 
successfully against several types of intestinal parasites in man and 
animals, against roundworms, tapeworms, and hookworms, e.g. However, 
great care must be exercised in the administration of the oil, as it is very 
dangerous if given in excessive doses. The toxic effects are partly the result 
of local irritation of the alimentary tract (particularly the liver and kid- 
neys) and partly of direct depressant action on the circulatory and respira- 
tory systems. The oil may be fatal if taken in excess. Symptoms of 
poisoning are delayed in appearing. They consist of nausea, vomiting, 
headache, and drowsiness, and, finally, convulsions and coma. Administra- 
tion of the oil, therefore, should not follow any period of starvation, since 
poorly nourished animals and humans appear especially susceptible to its 
toxic effects. The dosage of wormseed oil and the method of administra- 
tion should always be left to the physician. 
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OIL OF NIGELLA DAMASCENA L. 


On steam distillation the seeds of Nigella damascena L.' (fam. Ranuncu- 
laceae) yield from 0.35 to 0.5 per cent of a yellow oil exhibiting a beautiful 
blue fluorescence. The odor of the oil is characteristic of strawberries, occa- 
sionally reminiscent also of ambrette seed oil. 

According to Gildemeister and Hoffmann,’ the essential oil derived from 
the seed of Nigella damascena has these properties: 


Specific Gravity at 15°............. 0.895 to 0.915 

Optical Rotation. ................. +1° 4’ to —7° 48’ 

Refractive Index at 20°............ 1.49970 to 1.5582 

Acid Number................0.05- 1.1 

Ester Number.................06:- 14.0 

Ester Number after Acetylation..... 17.7 

Solubility...........0 0.0.0... 0008 Not completely soluble in 90% alcohol; 
soluble in absolute alcohol in any pro- 
portion 


The chief constituent of the oil (which causes its fluorescence) is damas- 
cenine (for details see Vol. II of this work, p. 654). Extracting the oil 
with a solution of tartaric acid and decomposing the tartrate with sodium 
carbonate, Schneider * obtained 9 per cent of damascenine. Kaufmann and 
Rothlin * developed a relatively simple synthesis of damascenine. 

According to the author’s knowledge, oil of Nigella damascena is not 
produced on a commercial scale. 

1Commonly known in the United States as “Love-in-a-mist.” 
2‘TDie Atherischen Ole,” 3d Ed., Vol. II, 553. 
8 Pharm. Zentralhalle $1 (1890), 178, 191. Cf. Ber. Schimmel & Co., October (1899), 


40. Cf. Pommerehne, Arch. Pharm. 287 (1899), 475. 
4 Ber. 49 (1916), 579. 
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OIL OF CASCARILLA 


Essence de Cascarille Aceite Esencial Cascarilla Cascarillél 
Oleum Cascarillae 


Introduction.—Cascarilla is the dried bark of a small tree or shrub, 
Croton eluteria Bennett (fam. Euphorbiaceae), indigenous to the Bahamas, 
the chief producer of the spice. The bark has an agreeable, aromatic odor 
and a very bitter, spicy taste, for which reason it is employed in stomachic 
bitters. The odor becomes particularly noticeable when the bark is allowed 
to burn slowly. Some smokers have tried to flavor their tobacco with small 
quantities of cascarilla bark, but it is said to produce intoxication and 
vertigo. 

On distillation the dried bark yields from 1.5 to 3 per cent, on the aver- 
age 2 per cent, of a volatile oil. The latter, a yellow to greenish liquid, 
possesses & warm spicy odor reminiscent of nutmeg, cardamon, clove, and 
thyme, with a top-note of p-cymene and dipentene. 

Physicochemical Properties.—Gildemeister and Hoffmann ? reported these 
properties for cascarilla bark oil: 


Specific Gravity at 15°.............. 0.898 to 0.925 

Optical Rotation................... +1°O to +13° 0’ 

Refractive Index at 20°............. 1.489 to 1.496 

ACig Number 346 cb kee tno see 2 to 9 

Ester Number.................0005 5 to 12 

Ester Number after Acetylation...... 54 to 72 

Solubility...... 0.0.0.0... . ccc cee ees Easily soluble in 
90% alcohol 


Genuine cascarilla bark oils distilled by Fritzsche Brothers, Inc., New 
York, had properties varying within the following limits: 


Specific Gravity at 15°/15°.......... 0.897 to 0.918 

Optical Rotation................... —1° 40’ to +8° 54’ 

Refractive Index at 20°............. 1.4880 to 1.4930 

Saponification Number.............. 8.4 to 17.1 

Ester Number after Acetylation...... 65.3 to 84.9 

Solubility........ 0.0.0.0 cc eee ee eee Soluble in 0.5 vol. of 
90% alcohol 


Chemical Composition.—The earliest investigations of the chemical com- 
position of cascarilla bark oil, carried out more than a century ago, need 


1‘TDie Atherischen Ole,” 3d Ed., Vol. III, 197. 
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not be discussed here, because they gave no positive results. Later re- 
searches by Gladstone,” Briihl,® and particularly by Fendler,* yielded more 
conclusive data. These authors reported the presence of the following com- 
pounds in cascarilla oil: 


A Terpene(?). In the lowest boiling fraction (b. 155°-157°, dao 0.845, a2} +2° 6’) of 
the oil. The monohydrochloride and the dibromide were oily substances. Nitro- 
sochloride m. 91°-92°, nitrolpiperidine m. 112°. The properties of this terpene 
and its derivatives led Fendler to conclude that it was not identical with pinene. 


p-Cymene. Characterized in the fraction b. 170°-173° by oxidation to hydroxy- 
isopropylbenzoic acid. 


l-Limonene(?). The same fraction probably also contained small quantities of [-lim- 
onene (Fendler). 


Dipentene(?). In the fraction b. 172° Gladstone observed a hydrocarbon which, in 
the later opinion of Brihl, was dipentene. 


Eugenol. Identified by Fendler in the oil, after the acids (see below) had been re- 
moved. Benzoyl compound m. 71°. The quantity of eugenol isolated by Fendler 
amounted to 0.3 per cent of the oil. 


Sesquiterpenes(?). The same author noted the presence of two sesquiterpenes b. 255°- 
257°, and b. 260°-265° in the oil, but did not succeed in identifying them, because 
they yielded no crystalline derivatives. 


A Sesquiterpene Alcohol(?). The same applies to a aaa i alcohol C.sH2,0, 
which Fendler observed in the fraction b. 280°- 


Cascarillic Acid. According to Fendler, the acidic reaction of the oil is a result of the 
presence of about 2 per cent of acids, which he isolated by fractional distillation 
and separated into a liquid acid, and a crystalline residual acid. The former, 
Ci:H2O2, was isomeric with undecylenic acid. Fendler named it cascarillic 
acid; m. —18°, b. 270°, deo 0.9324; amide m. 78°. 


Palmitic Acid and Stearic Acid. The above mentioned crystalline residual acid 
melted at 58° and consisted of a mixture of 80 per cent of palmitic acid, and 
20 per cent of stearic acid. 


Use.—Because of its high price, oil of cascarilla is used only in high-grade 
flavoring preparations—aromatic bitters in particular. 
2 J. Chem. Soc. 17 (1864), 1. 


8 Ber. 21 (1888), 152. 
4 Arch. Pharm. 288 (1900), 671. Cf. Thoms, Apoth. Zig. 14 (1899), 562. 
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OIL OF AMBRETTE SEED 


Essence de Graines d’Ambrette Moschuskornerol 
Aceite Esencial Ambreite de los Granos 
Oleum Abelmoschi Seminis 


Abelmoschus moschatus Moench, syn. Hibiscus abelmoschus L. (fam. 
Malvaceae), a native of tropical East India, is cultivated in the Seychelles 
Islands,? on Nossi-Bé (Madagascar), on some of the West Indian Islands, 
and particularly in the warm and humid regions of Ecuador and Colombia, 
the seed in the case of the latter two countries being shipped from Guaya- 
quil. In the course of World War II, efforts were made in the State of 
Sao Paulo (Brazil) and in various parts of Central America to cultivate 
Abelmoschus moschatus without, however, due consideration to the fact 
that the use of the seed and the essential oil derived from it is very limited. 

According to information gathered by the author while surveying essen- 
tial oil production on Nossi-Bé (Madagascar), seed is sown directly, 1 by 1 
m. apart, into well-prepared ground at the beginning of the rainy season. 
After six months the fruit, which encloses the seed, is cut with knives. 
It is then dried in the sun on concrete floors. The fruit bursts open, the 
seed falls to the ground and is collected. 

The seed contains 4 volatile oil with a strong, peculiar, and lasting odor, 
reminiscent of musk. Years ago the seed as such was employed in pharma- 
ceutical preparations, but today it is used mostly for the purpose of dis- 
tillation in European and North American essential oil houses. Prior to 
distillation the seed must be crushed. Aside from the volatile oil, it contains 
a large amount of fatty acids which, on distillation, are carried over to- 
gether with the volatile oil. The crude ambrette seed oil is therefore a 
concrete mass, resembling concrete of orris root, and consisting mostly of 
higher fatty acids, chiefly palmitic acid. To prepare a liquid oil for the 
perfume industry, the fatty acids have to be removed from the concrete oil, 
which is achieved by various methods—such as treatment with dilute alco- 
hol, or precipitation of the fatty acids by means of their calcium or lithium 
salts. Depending upon the amount of fatty acids present, the yield of oil 
from the seed varies from 0.2 to 0.6 per cent. 

1Re cultivation of the plant see J. agr. trop. 6 (1905), 17. Ber. Schimmel & Co., 
April (1906), 59. 
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Physicochemical Properties.—The melting point of the crude (concrete) 
oil of ambrette seed is in direct ratio to the quantity of fatty acids present. 
Gildemeister and Hoffmann? reported these properties for the crude oil: 


Specific Gravity at 40°...... About 0.89 
Specific Gravity at 50°...... About 0.88 
Acid Number.............. 75 to 140 
Ester Number............. 66 to 130 


According to the same authors, liquid ambrette seed oil, from which the 
fatty acids have been removed, exhibits the following properties: 


Specific Gravity at 15°........... 0.905 to 0.917 

Optical Rotation................ Usually slightly dextrorotatory, up 
to +1° 35’; seldom laevorotatory, 
up to —2° 24’ 

Refractive Index at 20°.......... 1.474 to 1.480 

Acid Number...............006- 0.4 to 2.5 

Ester Number.................- 137 to 190 


Ester Number after Acetylation... 199.7 (one determination on an oil 
with an ester number of 167.4) 

Solubility..................00005 Soluble in 2.5 to 8 vol. and more of 
80% alcohol 


One oil described by Gildemeister and Hoffmann had somewhat different 
properties: 


Specific Gravity at 15°........... 0.9298 

Optical Rotation. ............... —1° 34’ 

Refractive Index at 20°.......... 1.48519 

Acid Number................... 0.7 

Ester Number.................. 139.8 

Solubility...............0...0000. Not clearly soluble in 80% alcohol 
even in 10 vol.; soluble in 0.5 vol. 
and more of 90% alcohol 


Two liquid ambrette seed oils produced under the author’s supervision 
in Southern France (Seillans, Var) exhibited these values: 


I II 

Specific Gravity at 15°...... 0.908 0.908 
Optical Rotation........... +0° 30’ +0° 12’ 
Refractive Index at 20°..... 1.4701 1.4691 
Acid Number.............. 2.8 1.4 
Ester Number............. 189.5 190.9 
Solubility.................. Soluble in 0.5 vol. Soluble in 0.5 vol. 

of 90% alcohol; and more of 


cloudy with more 90% alcohol 
2‘Tie Atherischen Ole,” 3d Ed., Vol. III, 220. | 
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Shipments of pure (liquid) ambrette seed oils examined by Fritzsche 
Brothers, Inc., New York, had properties varying within the following 
limits: : 


Specific Gravity at 15°/15°.... 0.902 to 0.920 


Optical Rotation............. +0° 12’ to +2° 46’ 
Refractive Index at 20°....... 1.4695 to 1.4768 
Acid Number................ Up to 2.8 
Ester Number............... 143.7 to 196.0 
Ester Number after Acetylation 
(Three Determinations)..... 206.3 to 213.7 
Solubility.................0.. Soluble in 0.5 vol. of 90% alcohol, often 


opalescent with more. Sometimes solu- 
ble in 2 to 4 vol. of 80% alcohol and 
more 


Chemical Composition.—We owe our knowledge of the chemical composi- 
tion of ambrette seed oil chiefly to the work of Kerschbaum,’ who estab- 
lished the presence of the following compounds in the liquid oil: 


Farnesol. This sesquiterpene alcohol is the principal constituent of the liquid oil 
(cf. Vol. II of this work, p. 258). 


Ambrettolide. This lactone is responsible for the characteristic musk-like odor of 
the oil (cf. Vol. II of this work, p. 689). 


Decyl Alcohol. Small quantities only (cf. Vol. II of this work, p. 156). 


As regards the crude (concrete) oil, it contains chiefly palmitic acid,‘ m. 
61°, and in addition acetic acid in ester form, and ambrettolic acid, also in 
ester form (cf. Vol. II of this work, p. 595). 

In the distillation water of the oil, Schimmel & Co.° identified furfural. 

Use.—The liquid oil of ambrette seed is a valuable adjunct in high-grade 
perfume compositions, to which it imparts strong and characteristic musk- 
like notes. The oil possesses a much smoother odor than synthetic musk 
ambrette. The crude (concrete) oil can be used in cosmetics. Because of 
its powerful, lasting odor, it must be dosed most carefully. 

8 Ber. 4 (1913), 1732; 60 (1927), 902. 


4 Gildemeister and Hoffmann, “Die Atherischen Ole,” 3d Ed., Vol. III, 221. 
5 Ber. Schimmel & Co., October (1899), 36. 
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CONCRETE AND ABSOLUTE OF OAK MOSS 


Botanical and Geographical Origin.—Volatile oils occur not only in 
flowering plants, but also in some of the cryptogams. However, only a 
few members of the latter group can be utilized for the extraction of their 
fragrance on a commercial scale. Most important among them are the 
lichens Evernia prunastri (L.) Ach., and E. furfuracea (L.) Mann (fam. 
Usneaceae). These grow as epiphytes on the trunks of the oak, and certain 
fruit and pinaceous trees, particularly in southern and central Europe. 
When dried and stored for a period of time, these lichens develop a peculiar 
mossy, earthy odor, the carriers of which can be extracted with volatile 
solvents, yielding the so-called resinoids, concretes and absolutes of “Oak 
Moss.” In its strict sense the name “Oak Moss” refers only to Evernia 
prunastr: (L.) Ach., the true oak moss or “Mousse de chéne,” which grows 
chiefly on the bark of the oak. Evernia furfuracea (L.) Mann thrives on 
the bark of firs and pines in humid forests and is commonly called “Sprout 
Lichen,” “Tree Moss,” or “Mousse d’arbre.’”’ Commercial lots of so-called 
oak moss frequently represent mixtures of several lichens, and it is not 
always easy to distinguish the species. True oak moss, collected from oak 
trees, has the most pronounced and finest odor. It may be identified by a 
light green color on one side, and a whitish color on the other. True oak 
moss is soft to the touch. Tree moss, on the other hand, collected from 
pinaceous trees, has a gray color on one side, and a black-gray color on the 
other. It is hard and rough to the touch and has a resinous odor. Lichens 
collected from fruit trees and acacias are of gray-green color; their quality 
stands between that of true oak moss and tree moss. 

Producing regions lie is southern and central Europe. The best quality 
of true oak moss comes from the Apennines and the Piedmont in Italy, from 
Dalmatia, Southern France, and from the oak forests of Fontainebleau 
near Paris. Lichens originating from Czechoslovakia, Hungary, and from 
Central France (Cévennes and Ardéche) are usually of second quality. 
This applies particularly to lichens from Central France, which consist 
chiefly of Evernia furfuracea, and perhaps some Usnea barbata (L.) Wigg., 
our common “Bearded Usnea” or “Old Man’s Beard,” another ordinary tree 
moss. According to Trabaud,? a new producing region was opened some 


1 Perfumery Essential Oil Record, Annual Special Number (1936), 96. 
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years ago in the western part of Morocco, in the great cedar and oak forests 
of the Atlas Mountains, south of Meknés, at an altitude of about 4,000 ft. 
This section supplies Evernia furfuracea chiefly; center of collection is the 
Berber village of Azrou, located in the foothills of the Atlas. Not very far 
distant are the beautiful oak and wild pear forests of Mamora, which pro- 
duce a good quality of Evernia prunasir.. Here, the center of collection is 
Harcha. 

In general, the lichen is collected from the bark of the trunk and branches, 
during the dry season. Prior to shipment the material is usually baled and 
pressed. On arrival in the extraction plant it should be stored in a cool 
and dry place; otherwise fermentation may take place and spoil the odor 
of the moss. 

Extraction.—Odoriferous substances occur in the lichens in such small 
quantities that they cannot be isolated by steam distillation; therefore, 
extraction with volatile solvents must be resorted to. This, however, is 
not a simple matter, and requires a great deal of experience. Yield and 
quality of the extracts depend upon the botanical and geographical origin 
of the lichens, upon the type of solvent used, and the temperature and 
duration of extraction. (For details, see Vol. I of the present work, pp. 
200 ff.) 

Extraction can be carried out (a) with nonalcoholic solvents, such as 
benzene and petroleum ether, or (b) alcoholic solvents, such as ethy! alco- 
hol and methyl alcohol. The composition of the products obtained will 
depend upon the type of solvent employed; with alcohols certain chemical 
reactions will take place (see below). 


(a) Benzene or Petroleum Ether as Solvent.—Benzene is now the solvent 
most commonly used for extraction of the lichens. It gives a higher yield 
of concrete, with more perfume, colored matter and resins than that ob- 
tained by extraction with petroleum ether. In the case of true oak moss, 
benzene extracts 2 to 4 per cent of concrete, petroleum ether only 1.5 to 
3.0 per cent. With tree moss, benzene yields about 5 per cent of concrete, 
petroleum ether from 2 to 4 per cent (Naves and Mazuyer?). According 
to Trabaud,* lichen from Morocco, when extracted with petroleum ether, 
yields only one-third to one-half of the quantity of concrete obtained by 
extraction with benzene. The same author‘ also noted that Evernia fur- 
furacea from Morocco, on extraction with benzene, gives concretes with a 
much larger quantity of crystalline substances (chiefly lichen acids) than 
2 “Les Parfums Naturels,” Paris (1939), 314. 


8 Perfumery Essential Oil Record, Annual Special Number (1936), 95. 
4 Drug Cosmetic Ind. 66 (1949), 591. 
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the concretes prepared from Evernia furfuracea originating in central 
France. 

To facilitate extraction with benzene or petroleum ether, most manufac- 
turers moisten the dried lichen with lukewarm water, about 24 hr. prior to 
extraction, then drain off excess water before pumping the solvent into the 
extractors. This treatment has the effect of enlarging the plant tissues and 
rendering them more permeable to the solvent. Some manufacturers ex- 
tract the lichen at room temperature, others by heating the solvent almost 
to the boiling point at the beginning of the extraction process. Obviously, 
this produces extracts of different properties, and affects the yield also. 

In general, the concretes derived by extraction with petroleum ether are 
more fluid and of finer odor than those obtained with benzene. The latter 
are solid, waxy masses, containing a considerable amount of crystalline 
substances; their color is darker than that of the petroleum ether extracts. 
(For the extraction of lichens petroleum ether is a much more selective 
solvent than benzene. ) 

Several samples of concretes examined by Naves and Mazuyer ° had these 


properties: 


Petroleum 
Ether Concrete Benzene Concrete 
Melting Point...... 48° and 50° 50° and 52° 
Acid Number...... 68.2 and 56.8 16.1 and 22.4 


Ester Number..... 74.2 and 78.5 42.0 and 38.1 


Naves, Sabetay and Palfray * described four volatile oils obtained by 
steam distillation of the concretes at reduced pressure: 


Ouls from 
Petroleum Ouls from 
Ether Concretes Benzene Concretes 
Acid Number...... 21.5 and 31.4 82.3 and 90.6 
Ester Number..... 16.1 and 22.4 42.0 and 38.1 


(Note: Such volatile oils are not commercial products, but are occasionally 
prepared in the laboratory for purposes of analysis. Cf. Vol. I of the 
present work, p. 215.) 

Because of their poor solubility in alcohol, the concretes cannot be used 
in alcoholic perfumes. However, they may be employed for the scenting 
of soaps, if the dark color of the concretes is not objectionable. To pre- 
pare products soluble in 95 per cent alcohol, the concretes are converted 
into absolutes in the usual way (cf. Vol. I of the present work, p. 211), 
except that extraction of the concretes is often carried out with hot alcohol. 


8 “Les Parfums Naturels,” Paris (1939), 316. 
© Perfumery Essential Oil Record 28 (1937), 337. 
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According to Naves and Mazuyer,’ concrete of oak moss yields from 
35 to 60 per cent of absolute; concrete of tree moss from 60 to 70 per cent. 
The author of the present work obtained the following yields: 


1. Concrete of oak moss prepared by petroleum ether extraction gave 76 
per cent of absolute; concrete derived by benzene extraction yielded 68 
per cent of absolute: 

2. Concrete of tree moss prepared by petroleum ether extraction gave 70 
per cent of absolute; concrete derived by benzene extraction yielded 80 
per cent of absolute. 


On extraction with benzene, French oak moss yielded 2.91 per cent of 
concrete which, in turn, gave 53.25 per cent of absolute. Yugoslavian oak 
moss, on extraction with benzene, yielded 3.84 per cent of concrete which, 
in turn, gave 39.1 per cent of absolute. 

Absolutes of oak moss and tree moss are very viscous liquids, of dark 
green color. The absolutes prepared from petroleum ether concretes are 
usually more fluid than those derived from benzene concretes. The latter 
absolutes usually contain a considerable amount of crystalline substances. 

To obtain absolutes of lighter color, some manufacturers resort to partial 
decoloration with charcoal. Such treatment, however, entails a considerable 
loss in odorous compounds. The absolutes thus obtained are of brown 
color, and turn darker with the passage of time. Colorless concentrates 
may be prepared by submitting the concretes to distillation with superheated 
steam at reduced pressure, or to co-distillation with ethylene glycol, also at 
reduced pressure. The yield of volatile substances thus obtained is from 
15 to 20 per cent higher than that obtained by regular steam distillation of 
the concretes. Owing to the high boiling point of some of the odorous con- 
stituents present in the concretes, steam distillation at atmospheric pres- 
sure requires too much time and steam to be of practical value. Naves and 
Mazuyer ® reported a yield of 3.9 to 5.6 per cent of colorless distillate from 
petroleum ether concretes, and a yield of 3.0 to 4.8 per cent from benzene 
concretes. In these experiments Naves and Mazuyer used ethylene glycol 
and glycerol for co-distillation; these yield better results than distillation 
with superheated steam. 


(6b) Alcohols as Solvent—Some manufacturers use alcohol (ethyl or 
methyl alcohol) for extraction of the lichen, obtaining yields of resinoids 


7 “Tes Parfums Naturels,” Paris (1939), 315. 
8 Ibid., 316. 
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ranging from 8 to 14 per cent. Obviously, this is a much higher yield than 
that obtained with petroleum ether or benzene. However, the odor of 
these resinoids differs considerably from that of the concretes and absolutes 
derived by benzene or petroleum ether extraction. The latter solvents dis- 
solve the odorous principles actually present in the lichen. Treatment with 
alcohol, on the other hand, causes marked alcoholysis of the depsides pres- 
ent in the lichens. These depsides are generally odorless, and only spar- 
ingly soluble in petroleum ether or benzene. Alcoholysis of the depsides, 
particularly at elevated temperatures, yields esters and other compounds, 
some of them odorous and soluble. In other words, on treatment of the 
lichens with alcohol, odoriferous substances originally not present in the 
lichens are formed. The odor of the resinoids varies according to the nature 
of the newly formed esters. If methyl alcohol is employed the odor will 
be somewhat anise-like. The usual procedure is to extract the lichens with 
hot ethyl] alcohol, which gives resinoids of dark green color, waxy in con- 
sistency, permeated with crystals, and only partly soluble in cold alcohol. 
By repeated extraction with certain other solvents the resinoids can be made 
soluble in cold alcohol. The odor of the resinoids is softer, but not nearly 
so characteristic as that of the petroleum ether or benzene concretes and 
absolutes. 

Submitting resinoids (extracted from lichens with alcohol) to co-distilla- 
tion with ethylene glycol at reduced pressure, Naves and Maszuyer ® ob- 
tained from 8 to 13.2 per cent of light-colored volatile oils. 

In general, it may be said that the resinoids prepared by alcoholic ex- 
traction of the lichens are employed much less widely than the concretes 
(and absolutes) derived by extraction with petroleum ether or benzene (the 
latter is now the most widely used solvent). The absolutes reproduce the 
natural odor of the lichens quite satisfactorily. 

Chemical Composition.—The chemical composition of the extracts de- 
rived from oak moss and tree moss is complex and differs greatly according 
to the botanical and geographical origin of the lichens, the nature of the 
solvent used, and the method of extraction. To understand the problem it 
is important to be acquainted with the various constituents present in the 
lichens themselves. 

Early investigators in the field isolated a number of compounds, usually 
of acidic nature, from various lichens, and classified them under the gen- 
eral term “Lichen Acids.” Most of these compounds can be obtained in 
crystalline form. The identity of a number of lichen acids has been estab- 


® Ibid. 
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lished in the course of the last thirty years, by several researchers, among 
them Asshina and his collaborators. For reasons of space, only certain 
aspects of their work, and particularly those connected with Evernia prunas- 
tr. and E. furfuracea, can be discussed here. The reader interested in 
further study is referred to a comprehensive compilation (up to 1934) by 
Asahina,’ and to an article specifically on oak moss extracts by Pfau,” part 
of which is incorporated in the following section: 

Everna prunastrt contains evernic acid, d-usnic acid, atranorin, and 
chloro-atranorin. 

Everma furfuracea contains atranorin, physodic acid, furfuracinic acid, 
and chloro-atranorin. 

Some of the lichen acids belong to the class of the so-called depsides. 
These are esters of aromatic hydroxy acids, in which the carboxyl group of 
an acid is linked to the hydroxy group of another cyclic compound. The 
ester linkage is quite labile. If it forms the only linkage between two rings, 
the complex compound is easily hydrolyzed into degradation products 
containing one ring each. Boiling with alcohol readily causes splitting of 
the depsides, and a simultaneous ester exchange. On steam distillation, or 
on extraction of the lichens with a solvent containing hydroxy groups, the 
lichen acids pass into the extract either as such, or partially decomposed 
(hydrolyzed). By comparison with the odorous principles, the lichen acids 
form a much larger part of the lichens; therefore the products of decompo- 
sition may constitute a very large part of the distillate or extract. For 
this reason it is of fundamental importance to be well acquainted with the 
depsides occurring in oak moss and tree moss, viz., evernic acid, atranorin, 
barbatinic acid, and chloro-atranorin. Usnic acid and physodic acid do 
not belong in the depside group. Furfuracinic acid has not yet been in- 
vestigated. 

(a) Evernic Acid. On treatment with alcohol, particularly in the pres- 
ence of small quantities of alkalies, evernic acid undergoes alcoholysis, and 
everninic ester and orsellinic acid are formed simultaneously. On boiling 
with water, evernic acid is cleaved into everninic acid and orsellinic acid. 
The latter two acids readily lose carbon dioxide (even during steam distil- 
lation); orcinol monomethyl ether is formed from everninic acid, and 
orcinol from orsellinic acid: 

10 “Systematization of Lichen Substances,” Acta Phytochim. (Japan) 8, No. 1 (1934), 

33. Chem. Abstracts 29 (1936), 147. Cf. Y. Asahina and K. Okazaki, “Lichen Sub- 

stances: Usnic Acid,” J. Pharm. Soc. Japan 68 (1943), 618. Chem. Abstracts 45 


(1951), 5146. 
11 Riechstoff Ind. 12 (1987), 179, 208. 
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(b) Barbatinic Acid, a higher homolog of evernic acid, occurs in the 
lichen Usnea ceratina Ach., small quantities of which are often found 
accompanying Evernia prunastri and E. furfuracea. Barbatinic acid, if 
treated similarly to evernic acid, undergoes these reactions: 


CH; OH Cf OH 
woo >-c00-L 6-00 dete 
CHs CH; 


Barbatinic Acid 


CHy OH CH; OH 
NS 
HiC-O— OR + HO OH 
CH; CH; 


CHs OH CHs OH CHs OH 
265, ~ \ 
H;C:- «——- HC: H HO 
CH; CH; CHs 
B-Orcinol Monomethy] Ether Rhizoninic Acid f-Orcinol 


Google 


186 ESSENTIAL OILS OF THE PLANT FAMILY USNEACEAE 


(c) Atranorin. Similarly, atranorin undergoes the following reactions: 


CHs CHs 
HO— 0-0— oocH, ~2%, 
vd 
CHO OH CHs OH 
Atranorin 
CH; CHs 
HO OOR + HO— OOCH; 
CHO OH CHs OH 
Hematommic Ester Methyl] Ester of 6-Orcinol 
arboxylic Acid, 
m. 142° 
a6 Se 
Hematommic Acid 
(d) Chloro-atranorin reacts as follows: 
Cl CH; CHs 
4 ROH 
H —CO: —COOCH; ——> 
CHO OH CHs OH 
Chlioro-atranorin 
Cl CHs CHs 
/ / 
H —COOR + i OO 
CHO OH CHs OH 


Chloro-hematommic baa Ester of 8-Orcinol 
Ester palais fy Acid, 


Cl 


mot ao. So 


CHO CHO 
Seo Foret eer Acid 


As a result of the reactions described above (alcoholysis, ester exchange, 
hydrolysis, and loss of carbon dioxide under the influence of alcohol or hot 
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water) all these substances may be present in the lichen extracts, if alcohol 
(methyl, ethyl, etc.) is used for extraction. With solvents containing no 
hydroxy groups (benzene, petroleum ether, etc.) not a single one of the 
above described degradation products of the lichen substances will be 
created. As regards the original lichen substances themselves, part of them 
will be dissolved, the quantity depending upon the nature of the solvent. 
The nature and percentage of lichen substances depend upon the lichens. 
Evernia prunastri, e.g., has been reported ?? containing from 2 to 3 per cent 
of evernic acid as chief constituent, 0.1 to 0.3 per cent of atranorin, and 
0.1 to 0.2 per cent of chloro-atranorin. In the lichen Evernia furfuracea the 
content of atranorin and chloro-atranorin is higher than in E. prunastn. 
The lichen extracts obviously will also contain the unaltered, non-depsidic 
lichen substances, particularly d-usnic acid (about 0.2 to 0.3 per cent of 
the lichen), and other soluble substances, chlorophyll and waxes among 
them. 

If solvents containing no alcohol are employed for extraction of the 
lichens, practically all the lichen acids go into solution; therefore they 
will be present in the concretes. If the concrete is converted into alcohol- 
soluble absolute by treatment with cold alcohol, the lichen acids will remain 
in the insoluble residue, with the exception of the evernic acid. The latter 
is quite soluble in cold alcohol; part of it will, therefore, be dissolved and 
pass into the absolute. Such an absolute will possess an odor similar to 
that of the original lichen (although evernic acid is odorless). 

If ethy!] alcohol is used for extraction of the lichens, alcoholysis will take 
place, and the resinoid will contain not only unaltered lichen acids, but 
also the ethyl esters of everninic, rhizoninic, hematommic, and chloro- 
hematommic acids. (Years ago, Gattefossé7* isolated from oak moss ex- 
tracts a substance which he named “Lichenol.” Later, Pfau * proved that 
“Lichenol” is actually the ethyl ester of everninic acid, m. 73.5°-74°. The 
same ester, m. 76°, was isolated by Walbaum and Rosenthal ?* from an 
alcoholic extract of oak moss.) In addition, the resinoid will contain free 
orsellinic acid, and the methyl] ester of B-orcinol carboxylic acid, m. 142°. 
These cleavage products are mostly odorless. 

The case is somewhat different if methyl alcohol is used for extraction 
of the lichens. A number of methyl] esters will be formed, that of everninic 
acid among them. Pfau** named this methyl ester sparassol (from the 
fungus Sparassis ramosa Schaeff., in which it also occurs). Sparassol pos- 
12 Pfau, ibid. 

18 Parfumerie moderne 4 (1911), 6. 
14 Ber, 67 (1924), 468. 


15 Ber, 87 (1924), 770. Ber. Schimmel & Co. (1925), 21. 
16 Ber. 67 (1924), 468; Spath and Jeschki, «bid., 471. 
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sesses & pronounced anise-like odor; whence the slight anise-like by-note 
of the resinoids extracted from the lichens with methyl] alcohol. 

A comparison of the odor of the concretes obtained by extraction of the 
lichens by means of benzene or petroleum ether, with that of the resinoids 
derived by extraction with ethyl] alcohol, will show notable differences 
between them. The resinoids exhibit a more or less characteristic fungus 
or mushroom odor. How is this to be reconciled with the fact that all 
ethyl esters formed by cleavage of the lichen acids are odorless (see above) ? 
Pfau ** investigated this problem, using lichens that had already been ex- 
hausted with benzene, and boiling this absolutely odorless material with 
ethyl alcohol. He obtained a semisolid extract with a strong odor. It 
appeared that the newly formed odorous principles originated from ben- 
zene-insoluble, odorless precursors which, on treatment with hot alcohol, 
yielded odorous substances. Steam distillation of the extract gave a semi- 
solid volatile oil. The liquid part of the latter contained compounds of 
strong odor; these were not investigated. The solid, odorless part of the 
volatile oil consisted of a mixture of the ethyl esters of hematommic acid 
and chloro-hematommic acid, and of the methyl ester of B-orcinol carboxylic 
acid. In other words, they were cleavage products of atranorin and chloro- 
atranorin. 

As has been mentioned, some manufacturers produce colorless concen- 
trates, prepared by distillation of the extracts with superheated steam in 
vacuo, or better still, by co-distillation with ethylene glycol in vacuo. Owing 
to the instability of the lichen substances, distillation may cause profound 
changes in the composition of the distillates. Benzene or petroleum ether 
extracts will yield distillates quite different from those obtained by dis- 
tillation of alcoholic extracts. If benzene or petroleum ether extracts are 
used, the distillate will contain not only the odoriferous substances originally 
present in the lichens, but also orcinol monomethy! ether m. 61°-62°, the 
methyl] ester of B-orcinol carboxylic acid, and small quantities of atranol, 
f-orcinol monomethyl] ether, and chloro-atranol. These compounds are 
odorless, with the exception of the orcinol monomethyl ether. The latter 
has such a strong phenolic odor that distillates obtained by the method 
just mentioned exhibit an odor entirely different from that of the original 
extract. (In this connection it should be noted that orcinol monomethy]l 
ether was first identified by Walbaum and Rosenthal ?* as a constituent of 
the volatile oil. In the opinion of Pfau,?* however, it is doubtful whether 
this ether actually occurs in the lichens. Pfau found that lichen prepara- 
tions, from which evernic acid had been removed, on distillation also 
yielded a volatile oil, in which he could easily identify the ether. Perhaps 


17 Riechstoff Ind. 12 (1937), 208. 19 Riechstoff Ind. 12 (1937), 209. 
18 Ber. 67 (1924), 771. 
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the lichen acids are decomposed by the action of ensymes. Under the in- 
fluence of enzymes in the plant, evernic acid yields everninic acid and 
orsellinic acid, as well as orcinol monomethy] ether and orcinol. According 
to Pfau ?° it is quite possible that enzymatic action also occurs, at least to 
a small extent, in the live lichens, or during the drying process.) 

If an alcoholic extract is submitted to steam distillation, the distillate will 
contain all the above-mentioned alcoholytic cleavage products, particularly 
the esters of everninic acid. In fact, these esters may be so predominant 
that the distillates are almost solid. Orcinol monoethyl ether is not formed 
in this process; therefore these distillates possess a more or less natural, 
but rather faint odor. In order to remove the sparingly soluble (and odor- 
less) esters of everninic acid, the distillate of the alcoholic extracts should 
be submitted to a final treatment with cold alcohol or other suitable solvents. 

In general, the distillates are difficult to prepare because the yield is very 
small, and many reactions take place. 


So far, we have described chiefly the cleavage reactions taking place 
in the extraction of lichens with different solvents, and the various cleavage 
products, most of them odorless or of little odor. However, the lichens 
also contain a number of highly odorous compounds, although in very small 
quantities only. From the perfumer’s point of view, these odoriferous sub- 
stances are obviously much more important than the degradation products 
of the lichen acids. 

In 1937, Stoll and Scherrer ** published the report of a very exhaustive 
examination of the constituents of the concrete obtained from Evernia 
prunastri by extraction with ether. 

Some of the compounds isolated by Stoll and Scherrer from the acidic 
portions of the extracts are probably degradation products of the lichen 
acids (see above). Among the acidic substances Stoll and Scherrer identi- 
fied everninic acid, orcinol, orcinol monomethyl ether, B-orcinol, methyl 
ester of B-orcinol carboxylic acid, phenols, formic, acetic, stearic, palmitic, 
and oleic acids. Bases with a pyridine-like odor were also noted in the 
extracts. 

The volatile compounds responsible for the odor of oak moss were found 
to reside in the neutral part of the extracts, and amounted to only 0.04 per 
cent. Among the most volatile constituents Stoll and Scherrer isolated: 


a- and B-Thujone. The chief constituents. 
Camphor. 
Borneol. 


20 Ibid. 
31 XVII™¢ Congrés Chim. Ind., Compt. rend. (1937), 205. 
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Cineole. 
Naphthalene. In varying quantities, depending upon the origin of the oak moss. 


Dimethylcyclohexenone(?). The monocyclic ketone CsH,,0, observed by Stoll and 
Scherrer was probably dimethylcyclohexenone. It contained one double bond, 
and yielded a semicarbazone m. 159°. The odor was reminiscent of bitter almond 
oil and coumarin. 


Methyl Nonyl Ketone(?). This ketone gave a semicarbazone m. 120°. 
Other Ketones(?). Not identified. 

Geraniol. 

Citronellol. 

Secondary Terpene Alcohols(?). Not identified. 

Vanillin. Traces only. 


From the high boiling portions Stoll and Scherrer isolated: 


A Lactone(?) CisH2O2 or CisH 290s. 
Hydrocarbons C;5Hes. 
Hydrocarbons Cg9H3:. 

Stearyl Alcohol. 

Stearaldehyde. 

Palmitic Acid. In ester form. 
Unsaturated Acids(?). 


The content of the above-listed compounds varies considerably according 
to the origin of the oak moss. Oak moss from Moravia, e.g., contains «- 
and 8-thujone as chief constituents, as well as some camphor, borneol, and 
cineole (but no naphthalene). Oak moss from Sarajevo contains a high 
percentage of naphthalene, some of the ketone CgH 20 described above, 
but very little «- and 8-thujone, and no camphor and borneol. Oak moss 
from Florence and Trieste contains naphthalene and (like all naphthalene- 
containing oak moss) no camphor and borneol. 

Use.—The alcohol-insoluble concretes and resinoids of oak moss and tree 
moss are used particularly for the scenting of soaps. The products derived 
from tree moss offer the advantage of lower price. All these products are 
unsuitable in white soaps, except when used in very small quantities. In 
preparations where solubility is a requisite, the absolutes should be em- 
ployed, those made from concretes derived by petroleum ether extraction 
being of highest quality. The most popular of all products is the absolute 
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of oak moss, obtained from the benzene concrete. It offers the advantage 
of a true-to-nature odor, combined with a moderate price. _ 

In general, oak moss preparations are not only excellent odor fixatives, 
but impart to the finished product—whether soap, cosmetic, lotion or hand- 
kerchief perfume—a peculiar, earthy, mossy character, the origin of which 
is often most difficult to trace. Oak moss preparations are indispensable 
in the creation of chypre and fougére scents. Quite a number of well-known 
and popular perfumes owe their alluring, exotic odor to a substantial content 
of oak moss extracts. These extracts have become an important tool in 
the hands of the experienced perfumer. 
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OIL OF DACRYDIUM FRANKLINI HOOK. F. 


A. Hvon Pins Woop Or 


Dacrydium franklina Hook. f.2 (fam. Podocarpaceae), the so-called “Huon 
Pine,” a beautiful and tall tree attaining a height of about 100 ft., is one of 
Tasmania’s best known and most valuable pines. It occurs chiefly on the 
west coast of Tasmania and to a smaller extent in New Zealand, northern 
Caledonia, in the Malayan Archipelago, Borneo, and Chile.* Because of its 
high content of essential oil, the wood resists attacks of white ants and 
borers. Moreover, the wood is very durable and has been used extensively 
for boat building, cabinet making, interior decorating, and carving. Only 
the heartwood contains essential oil. 

The Huon pine wood oil of commerce is produced exclusively from waste 
wood and sawdust resulting from the milling of logs. Wood chips and saw- 
dust are placed into a battery of stills holding about 2 tons, and are 
subjected to steam distillation at about 25 lb. pressure per sq. in. Dis- 
tillation requires approximately 6 hr. The oil is heavier than water and 
must be collected in suitable oil separators. The yield of oil from air- 
dried sawdust ranges from 4 to 6 per cent. 

Formerly, from 5,000 to 10,000 lb. of oil were produced per year in 
Tasmania; lately production has declined to about 1,200 lb. per year. 

Physicochemical Properties.—The oil derived from the wood of Da- 
crydium franklint Hook. is a colorless or slightly yellowish liquid of mild, 
pleasant and somewhat spicy odor. 

Oils examined by Penfold and Morrison * had properties varying within 
these limits: 


Specific Gravity at 15°/15°...... 1.0438 to 1.0450 

Optical Rotation............... +0° 

Refractive Index at 20°......... 1.5320 to 1.5323 
Solubility...... 0.2.0... cece eee Soluble in 0.6 to 1 vol. and 


more of 70% alcohol 
These values resemble those recorded in literature for methyleugenol. 


1 This monograph by A. R. Penfold and F. R. Morrison, Museum of Applied Arts 
and Sciences, Sydney, Australia. 

2 Baker and Smith, “A Research on the Pines of Australia,” Sydney (1910), 397. 

& Perfumery Essential Oil Record 17 (1926), 508. 

Own laboratory observations. 
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Schimmel & Co.® analyzed several samples of Huon pine wood oil and 
reported the following properties: 


Specific Gravity at 15°.......... 1.0406 to 1.0470 
Optical Rotation............... +1° 21’ to —1° 16’ 
Refractive Index at 20°......... 1.53037 to 1.53446 
Solubility......... 0.20. cece eee Soluble in 4.3 to 4.8 vol. and 
more of 60% alcohol 

Boiling Range at 770 mm.: 

202 40 200. es esteieds us eue 60% 

ZOO” 10200” sii sien se eweiseerss 30% 


Chemical Composition.—The oil derived from the wood of Dacrydium 
franklint Hook. has been investigated chiefly by Baker and Smith,* by 
Schimmel & Co.,7 and the Imperial Institute * in London. The oil consists 
almost entirely of methyleugenol. The following compounds have been 
identified: 

Methyleugenol. The chief constituent, the oil containing from 95 to 97 per cent of 
methyleugenol. Identified by means of the tetrabromide m. 77°-78°, and by 


oxidation with potassium permanganate to veratric acid m. 179°-180° (Baker 
and Smith, Schimmel & Co.). 


Eugenol. The oil contains only 0.5 to 1 per cent of eugenol. Identified by prepara- 
tion of the benzoyl compound m. 70°. In some oils eugenol appears to be absent 
(Baker and Smith). 


Cadinene(?). The high boiling fractions gave a color reaction characteristic of cadi- 
nene (Baker and Smith). 


Use.—Because of its high germicidal properties, the oil derived from the 
wood of Dacrydium franklini Hook.® has been used extensively in the treat- 
ment of perionychia, tinea, cuts and wounds, and as a preservative of casein 
and other nitrogenous products. One interesting application during World 
War IT was its use, in Australia, as a controlling agent in the manufacture 
of optical glasses—an application the oil owes to its high refractive index. 
The oil has been used with success in perfumes of the carnation type. Its 
noncoloring properties are an advantage in the perfuming of transparent 
soaps.?° 

Huon pine wood oil was one of many Australian essential oils examined 
during World War II for their efficacy as insect repellents. In common with 
other oils consisting largely of phenol ethers, it yielded excellent results. 
& Ber. Schimmel & Co. (1928), 28. 

6“A Research on the Pines of Australia,” Sydney (1910), 397. 
7 Ber. Schimmel & Co., October (1910), 135. 
8 Bull. Imp. Inst. 22 (1924), 277. 


® Penfold and Grant, J. Proc. Roy. Soc. N. S. Wales 68 (1924), 120; 89 (1925), 348. 
10 Perfumery Essential Ou Record 17 (1926), 508. 
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Huon pine wood oil gave the best protection of all essential oils tested, and 
was considered to be as effective as dimethyl phthalate? Its use was 
restricted, however, since it caused irritation of the skin and nausea in a 
high proportion of sensitive individuals. Pure methyleugenol was found 
to behave similarly. 

In the experience of the authors, Huon pine wood oil offers better pro- 
tection against sandflies than any other repellent. McCulloch and Water- 
house 7? also pointed out that Huon pine wood oil is at least as promising 
as Ceylon citronella oil in the prevention of blowfly strike in sheep—a 
serious menace to the sheep industry of Australia. 


B. Huon Prine Lear O41. 


The leaves of Dacrydium franklint Hook. f., the ‘Huon Pine,’’ which grows 
chiefly in Tasmania, contain about 0.5 per cent of an essential oil which, 
however, is not produced commercially. 

Baker and Smith ¥ first examined an oil (djj 0.8667, ap +20° 30’, n#¥ 
1.4815) in which they identified l-a-pinene, d-limonene, “dacrydene,” and 
methyleugenol. 

More recently, Penfold and Simonsen “ investigated the chemical com- 
position of Huon pine leaf oil and found that it consists chiefly of [-a-pinene, 
B-pinene, d-limonene, A‘-carene, and phyllocladene (cf. Tables of Diterpenes, 
Vol. II of this work, p. 126/7). Penfold and Simonsen confirmed the findings 
of Baker and Smith in regard to l-a-pinene and d-limonene, but arrived at the 
conclusion that the ‘“dacrydene’’ of Baker and Smith is probably A*-carene. 

11 McCulloch and Waterhouse, “Laboratory Field Tests of Mosquito Repellents,” 
- rae Council Sct. Ind. Research Bull. No. 213 (1947), 21, 22, 26. 

18 “A Research on the Pines of Australia,” Sydney (1910), 399. 

14 J. Proc. Roy. Soc. N. S. Wales 68 (1929), 95. 
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OIL OF PICEA EXCELSA LK. 


The young twigs and adherent leaves of Picea excelsa Lk. (syn. Picea 
abves (L.) Karst. or P. vulgaris Lk.), fam. Pinaceae, the so-called “Norway 
Spruce,” or spruce, contain an essential oil, small quantities of which are 
produced in the Tyrol (Puster Valley) and in Yugoslavia (Cerknica). 
Despite its delightful odor, the oil has not attracted much interest in the 
trade. Distillation material is available from the end of March to the 
end of October, when trees are felled or trimmed in order to clear out the 
forests. 

The yield of oil from fresh branches and needles varies from 0.15 to 0.20 
per cent. Distillation of one charge requires about 5 hr. Prior to distilla- 
tion the branches should be cut into small pieces to facilitate packing of 
the still. 

Physicochemical Properties.—Oil of Picea excelsa is an almost colorless 
oil with a most pleasant, refreshing odor resembling that of silver fir oil 
(Abies alba Mill.). Gildemeister and Hoffmann? reported these properties 
for oil of Picea excelsa: 


Specific Gravity at 15°...... 0.874 to 0.888 
Optical Rotation........... —20° 36’ to —40° 0’ 
Refractive Index at 20°..... 1.474 to 1.478 
Ester Content, Calculated as 
Bornyl Acetate........... 6 to 12% 
Solubility.................. Soluble in 3 to 6 vol. of 90% alcohol, 
occasionally with slight turbidity 


Boiling range, according to Bertram and Walbaum: ? 


163°-173°........... 41 
173°-176" oo vs ctackas 16 
176°-185°........... 13 
185°-220°........... 14 


1“Die Atherischen Ole,” 3d Ed., Vol. IT, 179. 
2 Arch. Pharm. 281 (1893), 296. 
3 Pharm. J. 85 (1896), 162. 
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Two genuine oils of Picea excelsa procured by the author in Thal-Assling, 
Tyrol (I), and in Cerknica, Yugoslavia (II) had the following properties: 


I II 
Specific Gravity at 15°....... 0.882 0.883 
Optical Rotation............ —25° 30’ —27° 15’ 
Refractive Index at 20°...... 1.4763 1.4753 
Ester Content, Calculated as 
Bornyl Acetate............ 7.8% 9.5% 
Total Alcohol Content, Calcu- 
lated as Borneol........... 11.38% 12.2% 
Solubility in 90% Alcohol.... Soluble in 8 vol. Soluble in 7 vol. 
with turbidity with slight 
turbidity 
Boiling Range: 
Up to 160°... ........008. 3.0% 2.6% 
16071659 tees awardees 23.0% 8.4% 
165-1707 255s hatidvses unk 17.0% 22.2% 
DOS 1I Dns sak geeedas 16.0% 26.0% 
175°-180°. 2.0.0... eae 7.5% 13.2% 
180°-185°. 0.2... eee 5.0% 4.8% 
185°-190°. 1.2... ee 3.5% 2.4% 
190°-200°. .. 0... eee eee 5.2% 3.2% 
200°-210°. 2... eee eee 2.4% 2.10% 
Above 210° (decomposition 
products and residue).... 17.4% 15.1% 


As in the case of oils of Abies alba, Pinus sylvestris and Pinus mugo Turra, 
the boiling ranges observed by the author on genuine oils of Picea excelsa 
produced in recent years differ somewhat from those reported years ago 
(see above). The reason for this change is still unknown. 

Chemical Composition.—The chemical composition of the volatile oil 
derived from the terminal branches and adherent needles of Picea excelsa 
has been investigated by Bertram and Walbaum,‘ and by Aschan® who 
reported the presence of the following compounds: 


Santene. Observed by Aschan in the lowest boiling fractions of German and Swedish 
oils (cf. Vol. II of this work, p. 79). 


l-a-Pinene. In the fraction b. 160°-170°. Identified by means of the nitrolbenzyl- 
amine m. 122°-123°, and the nitrosopinene m. 132° (Bertram and Walbaum). 


l-Phellandrene. In the fraction b. 170°-175°. Nitrite m. 101° (Bertram and 
Walbaum). 


Dipentene. In the same fraction. Dihydrochloride m. 50° (Bertram and Walbaum). 
l-Bornyl Acetate. In the higher boiling fractions (Bertram and Walbaum). 


Arch. Pharm. 281 (1893), 295. 
5 Ber. 40 (1907), 4919. 
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Cadinene. Also in the higher boiling fractions. Dihydrochloride ” 118° (Bertram 
and Walbaum). 


Use.—Oil of Picea excelsa is rarely found on the market. However, the 
oil could be easily produced in the Tyrol on special request. Because of its 
very pleasant odor, the oil gives excellent results in all kinds of pine com- 
positions such as bath salts, room sprays, and deodorants. 


OIL OF HEMLOCK-SPRUCE 


The hemlock and spruce trees are closely related tall evergreens of the 
family Pinaceae, with slender horizontal branches and finely toothed leaves. 
They grow in many parts of North America from the East Coast to the 
West Coast. The most important species are: 


1. Tesuga canadensis (L.) Carr., the so-called “Eastern” or “Common 
Hemlock” which occurs on the East Coast from Canada to Alabama. 

2. Tsuga heterophylla (Raf.) Sarg., the “Western Hemlock,” “Hemlock- 
Spruce,” “Prince Albert Fir,” “Gray Fir,” or “Alaska Pine,’”’ which occurs 
on the West Coast from northern California to Alaska, in northern Idaho, 
and in northwestern Montana. 

3. Picea mariana (Mill.) B.S.P., syn. Picea nigra (Ait.) Lk., the so- 
called “Black Spruce.” 

4. Picea glauca (Moench) Voss., syn. Picea alba Lk., syn. Picea cana- 
densis (L.) B.S.P., the “White Spruce.” 

Like the hemlocks, the spruces are widely distributed in North America. 


On steam distillation the young branches and adherent leaves yield an 
essential oil, substantial quantities of which are produced in the north- 
eastern part of the United States, particularly in northern New York State 
and in Vermont. Production in the west is negligible. 

The method of distillation and the stills employed closely resemble those 
used for oil of thuja, Thuja occidentalis L. In fact, these oils are produced 
commercially in the same regions, and often by the same farmers (for 
details see the monograph on “Oil of Thuja,” p. 325). 

Commercial oil of hemlock or oil of spruce, as it is often called in trade 
practice, is usually not derived from one single well-defined species of 
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hemlock or spruce, but from mixed branches and leaves of the four species 
mentioned above, no distinction being made in the collection of the distilla- 
tion material. As a result of this practice, the physicochemical properties 
of commercial hemlock or spruce oil vary within rather wide limits (see 
below). 

Yield of Oil—The yield of oil depends upon several factors, among 
them the habitat of the trees, their age, the season, and the method of 
packing the material into the still. Risi and Brule! found that branches 
from isolated, sun-exposed spruce trees yielded 20 per cent more oil than 
those from trees grown in dense bush. Branches from a twenty-five-year- 
old spruce tree gave twice as much oj! as branches from a forty-five-year- 
old tree. As regards seasonal yield, the experiments of Risi and Brule 
showed that there is a first period of high yield during the winter (from the 
end of January to the end of April), and a second but less pronounced 
period of good yield in the fall (from the middle of September to the middle 
of November). The lowest yield was obtained during summer (from May 
to August). It is noteworthy, particularly to plant physiologists, that the 
first period of maximum yield precedes the period of strong cambial ac- 
tivity in the spring, whereas the second one follows the formation of 
summer wood. 

As in the case of thuja distillation, the branches should be reduced to 
small size in order to allow for closer packing of the charge and to prevent 
the steam from escaping along channels of low resistance. Eleven distilla- 
tion experiments with spruce carried out in the Province of Quebec by Risi 
and Brule? gave an average oil yield of 0.35 per cent, while four experi- 
ments with hemlock yielded only 0.22 per cent of oil. According to the 
same authors, industrial distillation of hemlock yields from 0.4 to 0.6 per 
cent of oil, that of spruce from 0.5 to 0.7 per cent of oil. Yields of this order 
should be considered satisfactory from the commercial point of view. 

Physicochemical Properties.—As was mentioned above, the properties of 
commercial hemlock-spruce oil vary within rather wide limits, because the 
distillation material used by the oil producers is seldom uniform, being 
derived from several species. Gildemeister and Hoffmann® reported a 
specific gravity ranging from 0.900 to 0.930 at 15°, and an optical rotation 
from —14° to —25°. 

Commercial hemlock-spruce oils from the northeastern part of the United 
States (northern New York State, Vermont, etc.) examined by Fritzsche 
Brothers, Inc., New York, had properties varying within these limits: 

1 Am. Perfumer 48 (January 1946), 37. 
2 Ibid. 
8 “Die Atherischen Ole,” 3d Ed., Vol. II, 201. 
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Specific Gravity at 15°/15°.. 0.905 to 0.919 | 


Optical Rotation........... —18° 8’ to —26° 10’ 
Refractive Index at 20°..... 1.4673 to 1.4698 
Ester Content, Calculated 
as Bornyl Acetate........ 34.2 to 44.8%, usually above 37.0% 
Solubility.................. Soluble in 0.5 to 1 vol. and 


more of 90% alcohol, occa- 
sionally opalescent with more 


Oil of hemlock-spruce is an almost colorless, or slightly yellow, liquid 
with a very pleasant balsamic odor, reminiscent of pine needles. 

Cable‘ described the properties of three commercial hemlock-spruce oils 
produced between 1909 and 1916: 


Specific Gravity at 20°/15°........... 0.9190 to 0.9664 
Specific Optical Rotation at 20°....... —14° 51’ to —24° 51’ 
Refractive Index at 20°.............. 1.4721 to 1.4796 
Acid Number...............0.00000- 1.51 to 18.45 
Eater Number.............. 0000 cee 105.09 to 115.41 
Ester Number after Acetylation....... 149.51 to 150.83 
Ester Content, Calculated as Bornyl 

ACOA cca aves ae ow caeeaees 36.78 to 40.39% 
Total Alcohol Content, Calculated as 

Bommel 2.0556 discos ohice ohawacosin 41.55 to 41.74% 


The high specific gravity, high refractive index, and particularly the 
high acid number of these oils indicate that the oils were partly resinified. 

As regards the properties of oils derived from well-defined plant species, 
the following have been reported: 


I. Oil of Tsuga canadensis (L.) Carr. 

Cable ° examined five samples of oil of Tsuga canadensis Carr., the ““East- 
ern Hemlock,” distilled in Michigan, Wisconsin, New Hampshire, Tennessee 
and Virginia (yield 0.29 to 0.65 per cent) which had properties varying 
within these limits: 


Specific Gravity at 20°/15°........... 0.9020 to 0.9234 
Specific Optical Rotation at 20°....... —14° 48’ to —21° 39’ 
Refractive Index at 20°.............. 1.4691 to 1.4704 
Acid Number..............0 cee cece 0.33 to 0.70 
Ester Number. ...........0.0 cee cees 103.8 to 147.35 
Ester Number after Acetylation....... 113.5 to 171.94 
Ester Content, Calculated as Bornyl 

DU 1:5 7 ea eer a ae 36.33 to 51.57% 
Total Alcohol Content, Calculated as 

BOMGOl so ina cakeahs sosmenu viene 31.24 to 47.41% 

4J. Am. Pharm. Assocn. 10 (1921), 170. 


6 Ibid. 
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The oil from Wisconsin had a higher ester content and total alcohol 
content than the four other oils. 

More recently, Risi and Brule * determined the properties of four samples 
of oil derived from the “Eastern Hemlock” T'suga canadensis Carr., grow- 
ing in the Provinec of Quebec, Canada, and found these values: 


Extreme Limits Average 
Specific Gravity at 15°.......... 0.9090 to 0.9387 0.9178 
Specific Optical Rotation........ —22° 0’ to —24° 24’ —23° 30’ 
Refractive Index at 20°......... 1.4671 to 1.4766 1.4702 
Acid Number..............0000- 0.74 to 2.14 1.31 
Ester Number................. 67.6 to 125.3 105.4 
Saponification Number.......... 68.3 to 126.6 106.7 
Boiling Range.................. 160° to 165° 162° to 220° 
Solubility in 90% Alcohol....... Soluble in from 0.2 to 0.6 vol.; on the 


average soluble in 0.3 vol. 


II. Oil of Tsuga heterophylla (Raf.) Sarg. 

Cable’ investigated the properties of three oils obtained in Idaho from 
the “Western Hemlock” Tsuga heterophylla Sarg. (yield 0.32 to 0.36 per 
cent) which had the following properties: 


Specific Gravity at 20°/15°......... 0.8444 to 0.8521 
Specific Optical Rotation at 20°..... —6° 44’ to —20° 0’ 
Refractive Index at 20°............ 1.4790 to 1.4840 
Acid Number...............0.000- 2.57 to 3.4 


Ester Number after Acetylation..... 19.6 to 33.4 
Ester Content, Calculated as Bornyl 


ACCUAG osha ad Mawel iestics adds 2.35 to 6.04% 
Total Alcohol Content, Calculated as 
Borneol.......... 0c cece eee ees 5.43 to 9.24% 


Lehman and Lynn ® distilled air-dried needles (oil I) and fresh twigs 
with adherent fresh needles (oil II) of the “Western Hemlock” T'suga 
heterophylla Sarg., and obtained 0.12 per cent and 0.09 per cent, respec- 
tively, of oils with these properties: 


I IT 

Specific Gravity at 25°/25°........ 0.9499 0.8741 
Specific Optical Rotation at 25°.... Too dark —17° 20’ 
Refractive Index at 20°........... 1.4935 1.4804 
Acid Number............-00 eee: 45.74 3.11 
Saponification Number............ 78.51 16.51 
Ester Content, Calculated as Bornyl 

ACEUALE sc bilwinndidataatacesns 11.49% 4.69% 
Combined Alcohol Content, Calcu- 

lated as Borneol................ 9.01% 3.68% 


6 Am. Perfumer 48 (January 1946), 37. 8 Jbid. 19 (1930), 1304. 
7J. Am. Pharm. Assocn. 10 (1921), 170. 
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The oil (II), from the fresh twigs and leaves, was of light color and had 
a rather unpleasant odor. The oil (I), from the air-dried needles, was 
viscous, reddish-brown, and exhibited a yellowish-brown fluorescence. The 
properties show that oxidation by air had profoundly affected this oil while 
still in the needles (leaves). 


III. Oil of Picea mariana (Mill.) B.S.P. 

Risi and Brule® also examined eleven samples of oil derived from Picea 
mariana (Mill.) B.S.P., the “Black Spruce” growing in the Province of 
Quebec, Canada, and noted the following properties: 


Extreme Limits Average 
Specific Gravity at 15°......... 0.9070 to 0.9260 0.9141 
Specific Optical Rotation....... —25° 48’ to —41° 48’ —33° 42’ 
Refractive Index at 20°........ 1.4666 to 1.4722 1.4697 
Acid Number................. 0.99 to 2.44 1.59 
Ester Number................ 57.2 to 133.1 97.0 
Saponification Number......... 59.6 to 135.3 98.6 
Boiling Range................. 155° to 164° 160° to 221° 
Solubility in 90% Alcohol...... Soluble in from 0.4 to 1.2 vol.; on the 


average soluble in 0.7 vol. 


An oil distilled from Picea nigra (Ait.) Lk. (syn. Picea mariana [Mill.] 
B.S.P.) and analyzed by Kremers ?° had these properties: 


Specific Gravity at 20°............ 0.9228 
Optical Rotation at 20°........... —36° 22’ 
Ester Content, Calculated as Bornyl 
Acetate... 0... ccc cece cece 48.85% 
Boiling Range.................... 160° to 230°, the principal fraction 
distilling between 212° and 230° 


IV. Oil of Picea glauca (Moench) Voss. (syn. Picea alba Lk., syn. Picea 
canadensis [L.] B.S.P.). 

Komppa * distilled young twigs with adherent leaves of the American 
‘White Spruce” Picea alba Lk. that had been planted in Finland and ob- 
tained 0.3 per cent of an oil with the following properties: 


Specific Gravity at 20°/20°................00. 0.9251 
Specific Optical Rotation at 20°............... +18° 19’ 
Refractive Index at 20°. .............. 2000 eee 1.4733 
Acid Number sc covww neoe sister edna aise de bees 1.87 
Ester Number. .............. ccc cece cece ees 46.67 


Ester Content, Calculated as Bornyl Acetate.... 16.33% 
29 Am. Perfumer 48 (January 1946), 37. 


10 Pharm. Rundsch., New York, 18 (1895), 135. 
11 Ann. Acad. Sct. Fennicae [A], 838 (1933), 8. Ber. Schimmel & Co. (1935), 62. 
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The properties of this oil differ greatly from those of the American spruce 
and hemlock oils. Most striking is the dextrorotation and the low ester 
content of the finished oil. 

Chemical Composition of Hemlock and Spruce Oils.—In the oil of Picea 
alba Lk., just described, Komppa 7” identified: 


8-Pinene 
Dipentene 
l/-Limonene 
d-Camphor 
d-Bornyl Acetate 
dl-Fenchyl Alcohol 
Cadinene 


As regards the American hemlock and spruce oils, Bertram and Wal- 
baum ** investigated an oil of hemlock and reported the presence of: 
l-a-Pinene. Identified by means of the nitrolbenzylamine m. 121°-123°. 
l-Bornyl Acetate. The chief constituent of the oil (from 35 to 53 per cent). 

A Sesquiterpene(?). Not identified. 

More recently Lehman and Lynn ** examined two oils distilled from the 
air-dried leaves, and from fresh twigs with adherent leaves of the “Western 
Hemlock,” Tsuga heterophylla Sarg. (see above). Lehman and Lynn iden- 


tified the following compounds in the combined oils, which contained about 
65 per cent of terpenes: 


a-Pinene. Characterized by oxidation to pinonic acid which yielded a semicarbazone 
m. 203°. 


B-Pinene. Oxidation gave nopinic acid m. 120°. 
Camphene. Characterized by hydration to isoborneol m. 206°. 
8-Phellandrene. Identified by means of its nitrosite m. 94° (m. 103° on rapid heating). 


Cadinene. The oil contains about 10 per cent of cadinene. Identified by preparation 
of the dihydrochloride m. 117°-118°. 


“Picene.” A new sesquiterpene which gave a hydrochloride m. 133°. The oil con- 
tains about 5 per cent of “‘picene.” 


Borneol and Borny] Acetate. The borneol is present in the oil mostly as acetate. 


Benzoic Acid. Contained in the oil partly in free form, partly esterified probably 
with borneol. 


12 Ibid. 14 J. Am. Pharm. Assocn. 12 (19380), 1304. 
18 Arch. Pharm. 281 (1893), 204. 
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The latest and most thorough investigations of the chemical composition 
of hemlock and spruce oils are those of Shaw, whose papers appeared in 1950 
and 1951. 

In an essential oil distilled from the foliage and terminal branches of 
Tsuga canadensis (L.) Carr., the ‘“‘“Eastern Hemlock” (yield of oil 0.249%; 
properties of the oil: d3 0.9162, af? —12° 54’, n>. 1.4684, acid number 0.76, 
ester number 130.8, ester number after acetylation 154.1, aldehyde content 
as citral 0.5%, ketone content as carvone 2.5%), Shaw reported the presence 
of these compounds: 


Terpenes....... Tricyclene (2.2%) 
d-a-Pinene (17.6%) 
l-8-Pinene (2.9%) 
l-Camphene (11.5%) 
Myrcene (2.4%) 
d-a-Phellandrene (1.8%) 
l-Limonene (5.9%) 


Aleohols....... A tertiary alcohol bio 189°-192°, d?? 0.942, ap +0°, 
ni? 1.4806—(1.3%) 


Esters......... l-Borny] acetate (43.4%) 
Ketones........ l-Thujone (1.3%) 


Sesquiterpenes.. d-Canadene (0.2%), a new sesquiterpene which ap- 
pears to be a structural isomer, rather than a di- 
asteriomer, of /-cadinene 


Azulenes....... In the highest boiling fractions, but quantity too small 
to permit identification 

In an essential oil distilled from the foliage and terminal branches of Picea 
mariana (Mill.) B.S.P., the “Black Spruce’”’ (yield of oil 0.461 per cent; prop- 
erties of the oil: d32 0.9085, ap —31° 6’, n?) 1.4696, acid number 0.44, ester 
number 119.7, ester number after acetylation 123.3, aldehyde content as 
citral 0.3%, ketone content as carvone 1.0%), Shaw 1° observed the following 
components: 


Terpenes....... Santene (2.5%) 
Tricyclene (1.0%) 
l-ax-Pinene (16.0%) 
l-8-Pinene (6.5%) 
l-Camphene (10.0%) 
Myrcene (3.5%) 
d-A*-Carene (5.0%) 
dl- and /-Limonene (6.5%) 
Terpinolene (1.0%) 


15 J, Am. Chem. Soc. 73 (1951), 2859. 
16 Can. J. Research 28B (1950), 268. 


Google 


210 ESSENTIAL OILS OF THE PLANT FAMILY PINACEAE 


Alcohols........ l-Borneol (1.0%) 
An unidentified alcohol b. ~210° (1.0%) 
Another unidentified alcohol b; ~120° (about 0.5%) 


Esters.......... l-Bornyl acetate (37.0%) 

An unidentified ester b; ~120° (about 0.5%) 
Ketones........ dl-Camphor (1.0%) 
Sesquiterpenes.. A compound related to /-Cadinene (1.0%) 
Residue and Loss 10% 


The presence of tricyclene (m. 61°-64°, b. 153°) in the two oils should 
be of special interest as this is the first report of the occurrence of a tri- 
cyclic terpene in nature. Years ago Zienkovski and Moycho’’ reported 
that tricyclene may be found in camphene prepared by dehydration of 
isoborneol. Since camphene occurs in oil of hemlock and in oil of spruce 
it can be assumed that both compounds (camphene and tricyclene) were 
formed by a similar dehydration of borneol in the living plant. At no time 
in the investigations carried out by Shaw were conditions sufficiently severe 
to effect such dehydration of borneol. 

Use.—Oil of hemlock-spruce is used as a constituent in pine and cedar 
blends for the scenting of technical preparations, room sprays, deodorants, 
and similar products. The oil possesses a very pleasant pine needle odor. 


OIL OF PSEUDOTSUGA TAXIFOLIA (POIR.) BRITT. 


Pseudotsuga tamfolia (Poir.) Britt., syn. Ps. douglasu Carr., or Ps. mu- 
cronata Sudw., or Tsuga douglas Carr., or Abies douglasi Lindl., or A. 
mucronata Raf. (fam. Pinaceae), the “Douglas Fir,” or “Western Fir,” is a 
tall tree widely distributed in the Rocky Mountains and in the mountainous 
ranges of the Pacific Coast, from California to Oregon and further north. 


A. Leaf (Needle) Oul 


On steam distillation the young branches and adherent leaves of Pseu- 
dotsuga tazifolia (Poir.) Britt. yield an essential oil which has been pro- 
duced experimentally on several occasions. Because of the many varieties 
and forms in which the Douglas fir occurs in nature, the essential oils de- 


17 Tnebigs Ann. $40 (1905), 24. 


Google 


OIL OF PSEUDOTSUGA TAXIFOLIA (POIR.) BRITT. 211 


scribed in literature as “Douglas Fir Oils” differ considerably in regard to 
their physicochemical properties and chemical composition. 

Brandel and Sweet! distilled fresh twigs and leaves of some trees in 
Washington and obtained an oil in which they identified camphene and 
borneol. The ester content, calculated as borny] acetate, was 34.6 per cent; 
the free alcohol content, calculated as borneol, 27.18 per cent. 

Oils produced experimentally in California by Schorger? (yield 0.163 
per cent) had these properties: 


Specific Gravity at 15°.............. 0.8727 to 0.8759 

Optical Rotation at 20°............. —17° 1’ to —22° 10’ 

Refractive Index at 15°. ............ 1.4758 to 1.4780 

Acid Number...................... 0.65 to 1.1 

Ester Number..................... 11.13 to 24.25 

Ester Number after Acetylation...... 27.5 to 51.78 

Schorger found that the Californian oil had the following composition: 
Per Cent 
Furfural................ Traces 
Lo-Pinene.............. 25 
L-8-Pinene.............. 48 
Land dl-Limonene...... 6 
Borneol................ 6.5 
Esters...........0cc0ce; 6.1 (calculated as 
bornyl acetate) 

Sesquiterpenes.......... 3 (beo 125°-205°) 


The oil did not contain any camphene. 

In an oil from the leaves of young Pseudotsuga douglas Carr. trees, 
grown in Avondale, England, Bennett * noted the presence of dipentene or 
limonene, traces of citral, and perhaps pinene. The chief constituent of the 
oil appeared to be geraniol. The total alcohol content (calculated as gera- 
niol) of the oil was 31.5 per cent. 

The same author ‘ also distilled the leaves of Pseudotsuga glauca Mayr., 
the “Colorado Douglas Fir,” or “Blue Fir,” grown in East Liss, Hants, 
England, and obtained 0.31 per cent of an oil which contained 34.5 per cent 
of esters, calculated as bornyl acetate. The terpenes consisted chiefly of 
pinene. 

Alinari ° investigated an oil derived from the leaves of Pseudotsuga doug- 
lasit Carr., grown in the Province of Florence, Italy, and found that the oil 
(yield 1.28 per cent) contained 9.44 per cent of free alcohols, and 6.6 per 
1 Pharm. Rev. 26 (1908), 3286. 

2 J. Am. Chem. Soc. 85 (1913), 1895. 
a at Essential Oil Record 11 (1920), 218. 
5 Ann. chim. applicata 16 (1926), 185. 
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cent of esters, calculated as bornyl acetate. The oil consisted chiefly of 
B-pinene, some geraniol and nerol, the alcohols occurring in the oil partly 
free, partly esterified with acetic acid and capric acid. 

More recently Johnson and Cain ° distilled twigs and leaves of Pseudo- 
tsuga taxifolia (Poir.) Britt., collected in Washington from August to Sep- 
tember, and obtained 0.8 per cent of a yellowish oil with a pleasant odor. 
The oil had these properties: 


Specific Gravity at 20°............ cc cece eee 0.8696 
Specific Optical Rotation at 22°................ — 23° 30’ 
Refractive Index at 20°. ........... cece eee 1.4732 
AciC NUMDER 364 %0c5 vaseline esse easewes 1.65 
Saponification Number...............0.2eeeee: 25.4 
Saponification Number after Acetylation........ 63.3 


Total Alcohol Content, Calculated as Geraniol... 17.2% 
Free Alcohol Content, Calculated as Geraniol.... 10.7% 


The oil contained 75 per cent of terpenes and 19 per cent of higher boiling 
constituents, including an alcohol and sesquiterpenes. 

Johnson and Cain’ reported the presence of the following compounds in 
the oil: 


Per Cent 
Lo-Pinene.......... 12 
L-8-Pinene.......... 33 
l-Camphene......... 7 
Dipentene.......... 18 
Geraniol............ 12 (partly as acetate, 

partly as caprate) 
Phenols............ 0.07 (chiefly salicylic 
acid) 


According to the author’s knowledge, the oil is not produced at present on 
a commercial scale. 


B. Turpentine Out 
(Oil of Oregon Turpentine—Oil of “Oregon Balsam”) 


Due to wind shakes, old trunks of Pseudotsuga taxtfolia (Poir.) Britt. 
contain clefts and crevices a few inches above the ground; they are filled 
with an oleoresin similar to that produced by the “Balsam Fir’ Abves bal- 
samea (L.) Mill. (see the monograph on page 232 of the present volume). 
This “Pitch” or “Oregon Balsam,’ as it is called in the trade, is actually 
not a balsam but a true turpentine because it consists only of resin and 


6 J, Am. Pharm. Assocn. 26 (1937), 406. 
1 Toid. 
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volatile oil, and contains no cinnamic acid or benzoic acid. Oregon tur- 
pentine is collected either from felled trees or by drilling a hole into a live 
tree, inserting a tube and permitting the oleoresin to drip inta a vessel. An 
old tree may yield from 1 to 3 gal. of oleoresin. 

Oregon turpentine has a darker color than Canada turpentine; unlike the 
latter it is clearly soluble in alcohol. On exposure to air, Oregon turpen- 
tine remains sticky, whereas the Canadian product dries to a solid trans- 
parent film. Canada turpentine is more viscous than Oregon turpentine. 
Unlike the latter, the product from Canada solidifies when mixed with 
about one-sixth of its weight of heavy magnesia moistened with a little 
water. 

On steam distillation Oregon turpentine yields from 22 to more than 35 
per cent of a volatile oil. 

Physicochemical Properties of the Oil—From the data published by 
Rabak,® Frankforter and Frary,® Benson and Darrin,’® Schorger," Ma- 
hood,!? Holmes," and Benson and McCarthy," it appears that the physi- 
cochemical properties of the volatile oil obtained by steam distillation of 
Oregon turpentine vary within these limits: 


Specific Gravity at 15°...... 0.863 to 0.882 
Optical Rotation. .......... — 22° 0’ to —47° 0’ 
Refractive Index at 15°..... 1.470 to 1.473 


Chemical Composition of the Oil.—Schorger’® identified the following 
compounds in the volatile oil of “Oregon balsam,” derived from the heart- 
wood (A), and from the sapwood (B): 

(A) La-Pinene. (About 60 per cent of the oil.) 
l-Limonene. (About 5 per cent of the oil.) 
La-Terpineol. (In the highest boiling fraction.) This oil contained no f-pinene. 

(B) Le-Pinene. (About 17 per cent of the oil.) 
l-8-Pinene. (About 46 per cent of the oil.) 
l-Limonene. Presence possible, but not proved. 

8 Pharm. Rev. 22 (1904), 293. 
9 J. Am. Chem. Soc. 28 (1906), 1461. 

10 J, Ind. Eng. Chem. 8 (1911), 818. 

11 J, Am. Chem. Soc. $9 (1917), 1040. 

12 Am. J. Pharm. 91 (1919), 345. 

18 Pharm. J. 108 (1922), 146. Am. J. Pharm. 94 (1922), 354. 


14 J. Ind. Eng. Chem. 17 (1925), 193. 
18 J, Am. Chem. Soc. 89 (1917), 1040. 
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In an oil obtained in Oregon from the turpentine of “Douglas Fir” (yield 
38 per cent), Benson and McCarthy ** noted about 45 per cent of l-«-pinene 
and 45 per cent of l-8-pinene. 

Use.—According to the author’s knowledge, oil of Oregon turpentine is 
not produced on a commercial scale at present. However, the turpentine 
itself is used in all kinds of technical preparations. 


OIL OF ABIES SIBIRICA LEDEB. 
(Siberian Fir or “Pine” Needle Oil) 


Abies sibirica Ledeb. (fam. Pinaceae), the so-called “Siberian Fir,”’ grows 
in wide areas of the U.S.S.R. The young terminal branches, and particu- 
larly the adherent leaves (needles) contain an essential oil, large quantities 
of which are produced in European Russia, the chief producing region being 
the district of Vyatka. In the trade the oil is often called “Siberian Pine 
Needle Oil,” an obvious misnomer. The same is true of the German term 
“Sibirisches Fichtennadelol” for oil of Abies sibirica, the Siberian “Fichte” 
(spruce) actually being Picea obovata Ledeb. 

Total production of the oil has fluctuated greatly. Prior to World War I, 
it was about 100 metric tons per year; in 1925-26 it amounted to approxi- 
mately 240 tons; in 1926-27 production declined to about 100 tons. At the 
time of this writing reliable data are not available. 

According to Birukov,? distillation of the oil was resumed after World 
War I, and in 1927 there were more than 400 small village distilleries in 
operation, each producing from 0.5 to 2 metric tons of oil per year. 

The stills? used for this purpose are quite primitive, many of them re- 
sembling the wooden barrel stills employed in Japan for the distillation of 
mint (cf. Vol. III of this work, p. 648), but cruder. About 500 kg. of fresh 
terminal branches and adherent needles are charged into the still above a 
wooden screen, which supports the material and prevents contact with the 
boiling water in the kettle beneath the barrel. 

Another type consists of a wooden keg or barrel with a separate steam 
boiler mounted above a fire hearth. 


16 J. Ind. Eng. Chem. 17 (1925), 193. 

1 Chem. Ind. 49 (1926), 493; 51 (1928), 116. 

2 Setfensieder-Zitg. (Der Parfumeur) 3 (1929), 53. 

8 For details see an article by Maisit, Ber. Schimmel & Co. (1923), 228. Cf. Gilde- 
meister and Hoffmann, “Die Atherischen Ole,” 3d Ed., Vol. II, 190. 
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The distillers fully realize that the plant material has to be packed into 
the stills quite tightly in order to obtain a good yield of oil. Maisit* 
reported yields up to 1.25 per cent, but in actual practice the yield aver- 
ages 0.66 per cent. The most opportune time for distillation is in spring 
and summer; in winter the yield decreases substantially. Pigulevski et al.® 
distilled the needles of Abies sibirica exclusively and obtained from 1.3 to 
2 per cent of oil, which contained from 44 to 51 per cent of borny! acetate. 
In general, the yield increased from winter to the end of August. Needles 
one or two years old contained less oil than young needles. 

Physicochemical Properties.—The volatile oil derived from the terminal 
branches and leaves of Abies sibirica Ledeb. is a colorless to slightly yel- 
lowish liquid with a most pleasant and refreshing odor, characteristic of 
fir needles. 

Gildemeister and Hoffmann ® reported these properties for Siberian fir 
needle oil: 


Specific Gravity at 15°............ 0.905 to 0.925 
Optical Rotation................. —37° 0’ to —43° 0’ 
Refractive Index at 20°........... 1.469 to 1.473 
Acid Number...............0.00: Up to 2.5 
Ester Content, Calculated as Bornyl 
Acetate. ....... 0... cee eee eee 29 to 41% 
Solubility jas tenn sadasoieeaeuas Soluble in 10 to 14 vol. of 80% alco- 


hol, usually with slight turbidity. 
Clearly soluble in 0.5 to 1 vol. of 
90% alcohol, in very rare cases 
opalescent 


Numerous shipments of Siberian fir needle oil examined by Fritzsche 
Brothers, Inc., New York, over a period of years had properties varying 
within the following limits: 


Specific Gravity at 15°/15°........ 0.903 to 0.918 

Optical Rotation................. —35° 21’ to —41° 44’ 

Refractive Index at 20°........... 1.4685 to 1.4720 

Ester Content, Calculated as Bornyl 

ACCtALO s 655i 5 Scien eeoes ous 28.5 to 42.0% 

Solubility........... 0... c cece ee Soluble in 0.5 to 1 vol. of 90% alcohol 
and more, sometimes with opales- 
cence 


Oils of the best quality should show a specific gravity of not less than 
0.910, an optical rotation of not less than —36°, and an ester content of 
not less than 35 per cent. 

4 Ibid. 
6J. Russ. Phys. Chem. Soc. 85 (1924), 175. Chem. Zentr. (1925), I, 239. 
6 “Die Atherischen Ole,” 3d Ed., Vol. II, 194. 
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Adulteration.—Oil of Abies sibirica is occasionally adulterated with vari- 
ous fractions of pine oil and with synthetic isobornyl acetate. Lately, 
synthetic dl-borny] acetate has become available at sufficiently low prices 
to permit use of this ester as an adulterant of Siberian fir needle oil. 

Chemical Composition.—The chemical composition of Siberian fir needle 
oil was investigated by Golubev,’ Hirschsohn,* Schimmel & Co.,° Schindel- 
meiser,?® Wallach, Aschan,!* Wallach and Grosse,’* and Gildemeister and 
Kohler.’** The following compounds have been reported as constituents of 
the oil : 


Santene. In the lowest boiling fractions (below 145°) of the oil. Nitrosochloride 
~  m. 109°-111°; nitrosite m. 124°-125°. The oil contains from 3 to 4 per cent of 
santene (Aschan). 


l-a-Pinene. Identified by means of its nitrolbenzylamine m. 122°-123° (Schimmel & 


B-Pinene. Reported by Gildemeister and Kéhler. 


l-Camphene. The oil contains about 10 per cent of l-camphene. Fractionation yields 
this terpene in crystalline form m. 39°-41° (Golubev, Schindelmeiser, Wallach). 


a-Phellandrene. Identified by Schindelmeiser. Nitrite m. 106°-107°. 


Dipentene. Identified by the same author. Dihydrochloride m. 49°; dihydrobromide 
m. 64°. 

According to Schindelmeiser, the oil contains about 5.4 per cent of a-phellan- 

drene and dipentene. 


l-Bornyl Acetate. The chief constituent, in the amount of 30 to 40 per cent of the oil. 
First reported by Hirschsohn. 


Borneol(?). Schimmel & Co. noted the presence, in the oil, of a free terpene alcohol 
which was presumably borneol. 


Terpiny! Acetate. The same authors furthermore observed in the oil the acetic ester 
of another terpene alcohol which was perhaps terpineol. 


Bisabolene. In the high boiling fractions of the oil Wallach and Grosse identified 
bisabolene. The trihydrochloride melted at 79°-80°. 


A Siberian fir needle oil distilled from Abies sibirica Ledeb. in the Altai 
Mountains and examined by Rutovski and Vinogradova * had properties 


tJ. Russ. Phys. Chem. Soc. 20 (1888), 477; 86 (1904), 1096; 41 (1909), 1004. 

8 Pharm. Zettschr. Russland $0 (1892), 598. Chem. Zentr. (1892), II, 793. ® 

9 Ber. Schimmel & Co., October (1896), 76. 

10 J, Russ. Phys. Chem. Soc. 85 (1903), 75. Chem. Zentr. (1903), I, 835. Apoth. Ztg. 
19 (1904), 815. Chem. Ztg. 81 (1907), 759. 

11 Nachr. kgl. Ges. Wiss. Gottingen, Sitzung July 20, 1907. 

12 Ber. 40 (1907), 4918. 

18 Tnebigs Ann. 868 (1909), 19. 

14 Wallach-Festschrift, G6ttingen (1909), 418. 

15 Riechstoff Ind. (1926), 158. 
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somewhat different from those of the usual commercial oils (d22 0.9581; 
ester content, calculated as borny! acetate, 48.7 per cent; total alcohol con- 
tent, calculated as borneol, 60.9 per cent). In this oil, Rutovski and Vino- 
gradova identified camphor by conversion to isoborneol m. 210°-211°. 

Zalkind and Saboiev ** investigated an oil obtained by steam distillation 
of the air-dried bark of Abies sibirica Ledeb. In this oil Zalkind and 
Saboiev noted the presence of l-a-pinene, camphene(?), phellandrene(?), 
l-bornyl acetate or l-isoborny! acetate(?). Compared with the oil derived 
from the terminal branches and adherent leaves, the bark oil contained 
more hydrocarbons and less esters. 

Use.—Of all the pine, fir and spruce needle oils, the Siberian fir needle 
oil is without question the most important one. It is used widely for the 
scenting of toilet and shaving soaps, bath preparations, room sprays, de- 
odorants, disinfectants, inhalants, and a great variety of similar products. 


JAPANESE PINE NEEDLE OIL 
(“Shin-Y o0-Yw”) 


Japanese pine needle oil is produced by steam distillation of the ter- 
minal branches and leaves (needles) of several pinaceous trees—among 
which Abies sachalinensis Masters and Abies mayriana Miyabe et Kudo 
(in Japanese “Aka-Todo-Matsu” and “Ao-Todo-Matsu,” respectively) pre- 
ponderate. If the oil were derived exclusively from these two species of the 
genus Abves, it should be classified as a fir needle oil. However, in the col- 
lection of the distillation material, as generally practiced in the past, some 
admixture with leaves and twigs of Picea jezoensis Carr. (“Kuru-Ezo- 
Matsu” in Japanese) was unavoidable. Hence it is more accurate to em- 
ploy the loose term “pine needle oil” (“Shin-Yo-Yu” in Japanese) to the 
essential oil obtained from these three pinaceous trees. 

Although large quantities of this type of oil are produced in the northern 
part of Japan, little has been known about it outside of that country; in 
fact, the oil appeared on the European and American markets only in 1931, 
when Schimmel & Co." examined the first commercial sample. The follow- 


16 J, Russ. Phys. Chem. Soc. 60 (1928), 553. 
1 Ber. Schimmel & Co. (1981), 86. 


Google 


218 ESSENTIAL OILS OF THE PLANT FAMILY PINACEAE 


ing description is based chiefly upon information which the author was able 
to obtain recently from reliable sources in Japan.? 

Occurrence, Producing Regions, and Total Production.—Trees of the 
genera Abies and Picea do not grow on Japan’s main island (which enjoys 
a relatively warm climate), but in the cold climate of Hokkaido Island, 
north of the Tsugaru Strait, and further north in the vast virgin forests on 
the peninsula of Sakhalin. Since the end of World War II, the former 
Japanese part of this peninsula has been ceded to the U.S.S.R., and nothing 
is known about production of the oil there. The Japanese pine needle oil 
now available on the market is produced exclusively on the island of 
Hokkaido. Here the trees grow wild in mountain forests; they have also 
been planted extensively in government-owned woodlands. A survey un- 
dertaken in 1945 by the Japanese government indicated that the volume of 
wood growing in Hokkaido was then about 113,000,000 cu.m. for Abies, and 
83,000,000 cu.m. for Picea species. The average yearly lumber production ® 
‘from 1941 to 1943 inclusive was 1,550,000 cu.m. for Abies, and 1,890,000 
cu.m. for Picea species. About 65 per cent of this was used in building and 
construction, the balance being employed for the production of pulp in the 
paper industry, for the shoring of mines, the building of ships, and for use 
as wire poles. The total quantity of twigs and leaves obtained every year 
as by-product in the lumber mills has been estimated at 150,000 metric tons 
for Abies species, and 160,000 tons for Picea. Since the branches and leaves 
of Abzes species yield on the average 1.2 per cent of essential oil, and those 
of Picea 0.4 per cent, the maximum total yearly production of Abves oils 
may be calculated as 1,800 metric tons, and that of Picea oil as 640 tons. 
For practical reasons, however, these maximum figures can never be at- 
tained. The trees grow on steep mountain slopes, and for easy transport 
of the lumber must be felled in winter. Large quantities of twigs and leaves 
remain in the forests and cannot be used for distillation at present. Total 
yearly production of pine needle oils in Hokkaido therefore averages only 
about 120 metric tons. Recently, however, portable stills of simple con- 
struction have been designed (see below); once adopted by the lumber in- 
dustry, they could be set up in the mountain forests, and production of the 
oil could be increased considerably. 

Distillation.—The stationary stills used in the past for distillation of pine 
needle oils in Hokkaido were of the same type as those employed for the 
processing of Mentha arvensis (cf. Vol. III of the present work, p. 648). 
However, this older process is apparently being gradually abandoned. A 
few years ago, the Sapporo Branch of the Forest Experiment Station in 
Hokkaido devised a very simple, low-priced, and portable still utilizable 


2 Private communication from Dr. Teikichi Hiraizumi, Tokyo. 
8 Rept. Hokkaido Forest Expt. Sta., No. 18 (1944). 
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even in rough mountain country. It consists of a converted metal drum, 
80 cm. high and 55 cm. wide, set up above an open fire hearth; the still top 
is attached to the retort by a water seal, the latter 10 cm. high (cf. Vol. I 
of the present work, p. 127). When this type of still gains wide acceptance, 
production of Japanese pine needle oil will be much facilitated. 

The distillation material consists of fresh leaves (needles) and terminal 
branches about 1% in. thick, in the proportion one to one. From 45 to 50 
kg. of this material are charged into the retort, and a quantity of water 
sufficient to cover the material (about 120 liters) is added. The operation 
thus actually represents water distillation (cf. Vol. I, pp. 112, 120, and 142). 
Dried wood serves as fuel for the fire beneath the still bottom. The dis- 
tillation waters are returned to the still for the next operation—i.e., coho- 
bated. Distillation of one charge lasts from 6 to 7 hr., and yields about 800 
cu. cm. of oil (1.6 to 1.8 per cent, calculated upon the weight of the charge). 
This is a much higher yield than that obtained in the wooden barrel stills 
(see above). 

Compared with the Abies species, Picea jezoensis not only gives a lower 
yield of oil, but also an oil of poorer quality, and containing less borny]l 
acetate. For this reason, plant material of Abies species ought never to be 
mixed with leaves and twigs of Picea. To prevent any such admixture, 
government inspectors now encourage producers to cut lower twigs and 
adherent leaves of live trees during the summer months, and to use only 
this type of material for distillation (instead of the leaves and twigs of 
whole trees felled in winter). It should thus be possible to obtain oils of 
Abies exclusively, without any admixed Picea oil. The quality of the Japa- 
nese pine needle oils will thereby be greatly improved (becoming then, how- 
ever, a fir needle oil—see above). 


Physicochemical Properties and Chemical Composition. 


(1) Oil of Abies sachalinensis Masters 
(including Oil of Abtes mayriana Miyabe et Kudo) 


Oil of Abies sachalinensis, which in commercial production usually in- 
cludes oil of Abies mayriana, is a colorless to faintly yellow liquid with an 
odor resembling that of Siberian fir needle oil, but weaker and less lasting. 
It possesses a lower bornyl acetate content. 

Hayashi * reported these properties for a sample of the oil: 


Specific Gravity at 15°/15°........ 0.8911 
Specific Optical Rotation at 20°.... —54° 54’ 
Refractive Index at 20°........... 1.4762 


4 Rept. Hokkaido Ind. Research Inst. No. 11 (1927). 
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Eater Number... ...0.0.0.0. 0005 76.57 
Ester Number after Acetylation.... 92.92 
Solubility......... 00.0... cece eee Soluble in 1.74 vol. of 90% alcohol, 


in 7.45 vol. of 85% alcohol, and in 
14 vol. of 80% alcohol 


Boiling Range: 
Up 10158" ..6 6 6sc3 Siincddd sd 3.2% 
158° (6° 163" 6 och ce wctaae Sen 8.6% 
IGS” AO IGT” 3 ikon Seno ees 19.5% 
1G? COD oss cea ond ee sen 16.2% 
WY 6 ake 7c WY Ay gee ne ee 22.4% 
171° tO 2107 cdc cx eeetecaies 11.0% 
210° to 220°... ee eee 3.8% 
220° tO 28D" Shs sie ee decades. 13.2% 


Per Cent 
a-Pinene.............. 22 
B-Pinene.............. 10 
Camphene............. 15 
l-a-Phellandrene........ 15 
Dipentene............. 3 
l-Bornyl Acetate....... 26 
Sesquiterpene.......... 1 


Investigating an oil of Abies sachalinensis Masters, Miura ® noted these 
properties: 


Specific Gravity at 15°.............. 0.8962 
Optical Rotation................... — 33° 39’ 
Refractive Index at 20°............. 1.4729 
Ester Number.................005- 76.66 
Ester Number after Acetylation...... 85.59 


The oil contained about 15 per cent of a-pinene, 26 per cent of camphene, 
and 21 per cent of borneol. 


(2) Oil of Picea jezoensis Carr. 


Oil of Picea jezoensis somewhat resembles oil of Abies sachalinensis Mas- 
ters and oil of Abies mayriana Miyabe et Kudo, but is of lower quality, 
containing much less borny! acetate. 


5 Ibid. 
6 Proc. Fifth Pacific Sci. Congress 6 (1934), 3919. Chem. Zentr. (1938), I, 4544. 
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Hayashi’ reported these properties for a sample of the oil: 


Specific Gravity at 15°/15°.......... 0.8946 
Specific Optical Rotation............ —44° 45’ 
Refractive Index at 20°............. 1.4823 
Acid Number: ii04c044c4052c00s 6h 0.38 
Ester Number. .................00. 21.57 
Niel OF Othwiisieckc gece welwaine sWewares 0.51% 
According to the same author,® the oil has the following composition: 
Per Cent 
l-a-Pinene P 
Camphenel occ tto tt 
BP iNen 43325 bati een det a san 
l-Limonene................... 40 
l-Bornyl Acetate.............. 7.6 
Sesquiterpene................. 20-25 
Sesquiterpene Alcohol.......... 20-25 


(3) Commercial Oils 


In 1931, Schimmel & Co.® examined a commercial sample of oil of Abies 
sachalinensis Masters and noted these values: 


Specific Gravity at 15°............ 0.8959 

Optical Rotation................. —37° 58’ 

Refractive Index at 20°........... 1.47348 

Acid Number? icsc.cac. sf enaes ihe 0.4 

Ester Number................... 74.7 

Ester Content, Calculated as Bornyl 

Acetate. 606.262 auws Bhavana’ 26.1% 

Solubility........0. 0.0.0.0... 000000 Soluble in about 3 vol. and 
more of 90% alcohol, with 
turbidity 


A commercial sample of oil of Abzes sachalinensis procured by the author 
during a visit to Japan exhibited the following properties: 


Specific Gravity at 15°/15°........ 0.904 
Optical Rotation................. — 36° 45’ 
Refractive Index at 20°........... 1.4725 
Ester Content, Calculated as Bornyl 
RCABE iin cd bab aee ad aaees 28.2% 
Ester Number after Acetylation.... 113.9 
Solubility at 20°.................. Opalescent in 10 vol. and 
more of 90% alcohol 
7 Rept. Hokkaido Ind. Research Inst. No. 21 (1929). 
8 Ibid. ® Ber. Schimmel & Co. (1931), 86. 
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The odor of the oil was reminiscent of borny! acetate, but it had a slight 
by-note of cuminaldehyde. 

Use.—Japanese pine needle oil (“Shin-Yo-Yu”) is used in the United 
States chiefly for the scenting of soaps and technical preparations. Occa- 
sionally the oil serves as an adulterant of higher priced fir needle oils. 


OIL OF ABIES ALBA MILL. 


Introduction.—Before discussing oil of Abtes alba and other essential oils 
distilled in the Tyrol from coniferous trees it may be well to describe 
briefly the methods by which these oils are obtained. 

In principle, practically all Tyrolean pine needle distilleries operate along 
similar lines, though they may vary in size or in still capacity. Hence a 
few introductory remarks about methods of distillation may obviate much 
repetition in some of the succeeding monographs. 

To begin with, a site in the center of an ample supply of raw material is 
chosen, with a view to minimizing cost of transportation. Important also 
is low initial investment, allowing for early amortization. Stills must be 
low-priced, yet efficient, and large enough to permit production of oils of 
good quality on a commercial scale. 

After a distillery has been operated for a number of years in one locality, 
the plant material in the nearby mountains may become exhausted. The 
forestry laws in Europe are strict and, in these instances, require a respite 
of many years, so that trees can recuperate before being trimmed or cut 
again. The distillery must, therefore, be moved to another location (long- 
distance transportation of the material makes operation uneconomical). 

Plant material growing wild on the surrounding mountains is cut either 
directly by laborers hired by the distillers, or by individual peasants who 
work at the task during their spare time. These peasants sell cut plant 
material to distillers, against cash, whenever they deliver their day’s harvest. 
The paying off of the cutters is done by the foreman of the distillery. The 
foremen in turn are paid by the owners of the various producing organiza- 
tions, on a basis of kilograms of oil distilled, the price usually being estab- 
lished before the beginning of the distillation season. The foremen are 
thus largely responsible for the final success of the distillation, and almost 
become small producers themselves. Some farmers operate their own stills; 
but lacking a sales or export organization, such small producers sell their 
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home-distilled oil to exporters or to larger distillers. In general, the bulk 
of the oil is produced in more or less modern distillation posts distributed 
throughout the producing regions. 

Some of the plant material can be cut all year around (except when snow 
prohibits transportation). Other material may be cut only at certain pe- 
riods of the year, when the plant contains the greatest amount of essential 
oil and gives the best yield. Whatever roads there are on these isolated 
mountain slopes are difficult to drive over, so that most of the plant ma- 
terial is hauled on horse- or ox-drawn carts. Wherever possible, however, 
a simple but efficient means of haulage is exploited: a 4%-in. cable is 
stretched from the distillery in the valley up to the mountain forests or the 
slope where the cut plant material is first assembled. Strong bundles of 
about 100 lb. are made up. These are then attached with an iron hook to 
the cable and allowed to slide down to the valley, directly in front of the 
distillery. If the incline is not sufficiently steep the hooks are replaced by 
small pulleys. Wherever the distance between the distillery and the cut- 
ting ground is too great, several cables are set up, with relay points, at 
which men transfer the bundles from one cable to the next. In some in- 
stances several cables may converge from different hills to one central point 
of assembly. This is a quick and cheap method of transportation. Care 
must be exercised not to lead the cables too close to the distillery, since the 
cables act as excellent lightning rods, and heavy lightning storms occur 
frequently among the towering peaks and mountains of the Tyrolean Alps. 

In general, the distilleries are constructed of wood, which is plentiful and 
low-priced in these heavily timbered regions. Some buildings contain three 
floors. The plant material is stored on the third floor. A chopper oper- 
ated by an electric motor or gasoline engine reduces it to a size suitable 
for distillation. The motors or gasoline engines are set up outside of the 
building, or, if inside, must be properly insulated to minimize fire risks. 
Reduction of the raw material to small size increases the yield of oil, 
shortens the time of distillation and permits a large quantity of material 
to be charged into a still. Needles (leaves) are never distilled alone, but 
always with the twigs and terminal branches on which they grow. It has 
been found that there is very little difference between oils distilled exclu- 
sively from needles and those distilled from terminal branches and twigs 
with attached needles. 

From the chopper on the third floor the reduced plant material slides 
by gravity into the still or stills on the second floor. The stills—usually 
two to the building—are of medium size, more or less modern in construc- 
tion, and usually well insulated with a thick wooden jacket. Some of the 
older stills are made entirely of wood. Excessive length of distillation is 
usually the result of the presence of an accumulation of water by conden- 
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sation within stills improperly insulated. Steam of 3 to 4 kg. per sq. cm. 
(boiler pressure) gives best results. It is generated in a separate steam 
boiler located on the ground floor. Exhausted and sun-dried plant material 
serves as fuel. 

There are no general rules for the layout of a distillery, the main object 
being practicability and economy. Sometimes stills are installed on rollers 
and metal rails. Thus, after completion of one batch, the still can be moved 
to an opening in the wall of the building and tilted so that the exhausted 
plant material falls to the ground outside of the building, for drying in the 
sun. About one-half or two-thirds of the exhausted material is required 
to heat the stills. The balance may serve as bedding for cattle; or it may 
be burned and the ashes used as fertilizer. 

In some cases the plant material exhausted by steam distillation is ex- 
tracted with hot water before it is removed from the still. The aqueous 
extracts are then drawn off and concentrated in another still. The concen- 
trated extracts constitute the base of the pine needle extracts popular in 
Europe. They form a dark, semisolid mass, soluble in water, with an odor 
reminiscent of pine needles, but somewhat masked by a “cooked” off-note. 
To restore the original perfume, a small quantity of essential oil is added. 
In such reconstituted form the pine needle extracts are excellent bases for 
bath preparations. They are said to possess some medicinal value. 


A. Leaf (Needle) Oul 


Abies alba Mill., syn. Abies pectinata DC., or A. excelsa Lk., or A. picea 
Lindl., not Mill. (fam. Pinaceae), the European silver fir, or “Edeltanne” 
or “Weisstanne,” as it is called in German-speaking countries, grows in 
Switzerland, the Tyrol, Germany (Black Forest and Thuringia), France 
(Vosges), Austria, Yugoslavia and other mountainous sections of Europe. 
It is the tree which produces the so-called “Strassburg Turpentine” (“Théré- 
benthine d’Alsace” or “Th. des Vosges”), large quantities of which were 
formerly used in some parts of Europe. 

The young twigs and adherent leaves contain an essential oil of delightful 
odor, substantial quantities of which are produced particularly in Yugo- 
slavia (in Carniola, with Logatec and Cerknica as centers), the Tyrol 
(Thal-Assling and Puster Valley), Germany (in the Black Forest near 
Freudenstadt), and in lower Austria (near Neu Lengbach). Under normal 
conditions, yearly production in Yugoslavia averages 4,000 kg. of oil, in 
Germany approximately 1,000 kg., and in the Tyrol about 500 kg. 

Distillation is carried out throughout the year, particularly in Yugoslavia. 
During the winter deep snow may prevent collection of distillation material; 
in this case, accumulated stocks are processed. The plant material is 
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usually obtained when trees are cut. Young branches with adherent leaves 
(needles) are hacked off the felled trees, tied into bundles of about 100 lb., 
and either carted to the nearest distillation post or hooked on to long relay 
cables, on which they slide rapidly from the mountain slopes to the dis- 
tillery in the valley. 

One man can collect and bundle up to 900 kg. of branches per day. 
Wages of the cutters and transportation to the distillery are the only factors 
determining the cost of the distillation material. As a rule, only 60 to 70- 
year-old trees are felled. The strict forestry laws enforced in most parts 
of Europe require that a new tree be planted for every old tree felled. 
Natural regrowth also helps to propagate the trees. 

Prior to distillation, the twigs are chopped into small pieces by means 
of special cutting machines, in order to pack the stills tightly. Distillation 
of dry material lasts about 5 hr. per charge; wet twigs require longer hours, 
particularly in winter. The exhausted material is dried and used as fuel 
in the steam boilers. 

The yield of oil ranges from 0.25 to 0.35 per cent; dried twigs and leaves 
obviously yield more oil than wet ones. The poorest yield is obtained in 
the spring, i.e., during the period of strong cambial activity in the trees. 

Physicochemical Properties.—Oil of Abves alba is a colorless or slightly 
yellowish liquid of most pleasant, balsamic odor, reminiscent of fir needles. 

Gildemeister and Hoffmann? reported the following properties for the 
volatile oil derived from the twigs and adherent leaves of Abies alba Mill. 
(“Edeltannennadeldl’’) : 


Specific Gravity at 15°.............. The specific gravity depends upon the origin 
of the oil. In oils from the Tyrol and Swit- 
zerland, the gravity ranges from 0.867 to 
0.875. Oils from lower and upper Austria 
may have a gravity as high as 0.886 

Optical Rotation. .................. —34° 0’ to —60°0’; in exceptional cases as 
high as —64°. In the opinion of Gildemeis- 
ter and Hoffmann, oils with such high opti- 
cal rotations are perhaps adulterated with 
oil derived from the cones of Abtes alba 


(templin oil) 

Refractive Index at 20°............. 1.473 to 1.476 

Acid Number.................. 0005 Up to 2.0 

Ester Content, Calculated as Bornyl 

Acetate: s-2-6i-255 checks 4.5 to 11.0% 

Solubility. cciwiecceagenusieaestwees Soluble in 4 to 7 and more vol. of 90% alcohol, 
occasionally with slight turbidity 

Boiling Range..................-05. 8% of the oil distills below 170° 


55% of the oil distills from 170° to 185° 
1“TDie Atherischen Ole,” 3d Ed., Vol. II, 176. 
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Three genuine oils of Abies alba Mill. procured by the author in the Tyrol 
and Yugoslavia had these properties: 


Eastern Tyrol Northern Tyrol Yugoslavia 


Specific Gravity at 15°...... 0.879 0.880 0.875 
Optical Rotation........... —57° 45’ —45° 17’ —59° 1’ 
Refractive Index at 20°..... 1.4753 1.4736 1.4744 
Ester Number............. 24.3 21.6 19.0 
Ester Number after Acetyla- 
WON essed ecco he tew- ene ees 33.7 31.2 29.0 
Ester Content, Calculated as 
Bornyl Acetate........... 8.5% 7.6% 6.7% 
Total Alcohol Content, Cal- 
culated as Borneol........ 9.5% 8.8% 8.2% 
Free Alcohol Content, Calcu- 
lated as Borneol.......... 2.6% 2.7% 2.8% 
Solubility in 90% Alcohol... Soluble in 6 vol. Soluble in 8 vol., Solublein 7 vol., 
and more with very with very 
slight tur- slight tur- 
bidity bidity 


The oil from Yugoslavia had the following boiling range: 


Per Cent 

Up to 165°... 0... eee eee eee 25 
1657 60110 35. en dgwaetenanis 23 
WTOS HO 110: sciences Seis eens 12 
17S 16.180 fern g es es enaeiwanceas 6 
180° (01859 2 tatcacee exseaseas 5 
185° (01907 54 si A veined eae x 3 
190° £0198" scot ec Sh Ree ean 2 
Above 195° (decomposition products 

and residue)...............0008- 24 


Shipments of genuine oil of Abzes alba Mill. examined by Fritzsche 
Brothers, Inc., New York, had properties varying within these limits: 


Specific Gravity at 15°/15°........ 0.873 to 0.880 
Optical Rotation................. —41° 0’ to —48° 3’ 
Refractive Index at 20°........... 1.4729 to 1.4749 
Ester Content, Calculated as Bornyl 
ACOLALE soci tae eed an kceoeus ies 5.2 to 8.9% 
Solubility at 20°.................. Soluble in 5 to 10 vol. and more of 90% alcohol, 
occasionally with slight turbidity 
Boiling Range.................... Up to 40% of oil distilled below 165° 


Up to 22% of oil distilled from 165°-170° 


The boiling range of the three genuine oils procured by the author in the 
Tyrol and Yugoslavia, and that of the numerous oils examined by Fritzsche 
Brothers, Inc., New York, differed greatly from that reported by Gilde- 
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meister and Hoffmann (see above). According to Gildemeister and Hoff- 
mann, these oils would have to be regarded as adulterated, perhaps with 
turpentine oil or fractions containing laevorotatory pinene. 

In an attempt to establish the causes for the discrepancy in the boiling 
ranges, the author arranged for systematic experiments in the Tyrol 
whereby twigs and adherent leaves of Abies alba Mill. were distilled under 
various conditions (location, weather, soil, age of the trees, quality of the 
distillation material, etc.). These experiments were carefully carried out 
by Messrs. Gebriider Unterweger, Thal-Assling, Tyrol, who submitted the 
oils thus obtained to the author? for analysis. Examination of the samples 
proved that a change in the boiling range of genuine oil of Abies alba had 
actually occurred since the days when Schimmel & Co.® first determined 
the properties of this oil. The factors responsible for this change remain 
a mystery. It should be mentioned that a similar change has also taken 
place in the boiling range of oil of Pinus mugo Turra (P. pumilio Haenke). 

From the work of Grimm, Langenau and Guenther * and from the analyti- 
cal data of Fritzsche Brothers, Inc., New York, it appears that the specifi- 
cations for the physicochemical properties of oil of Abies alba Mill. should 
be modified to read as follows: 


Specific Gravity at 15°/15°........ 0.867 to 0.880 
Optical Rotation................. — 40° 0’ to —67° 0’ 
Refractive Index at 20°........... 1.4729 to 1.4749 
Ester Content, Calculated as Bornyl 
Acetate... 0... ccc cece eee Up to 9% 
Solubility at 20°...............4.. Soluble in 4 to 10 vol. of 90% alcohol. Occasion- 
ally with slight turbidity 
Boiling Range.................05- Up to 55 and more per cent of the oil distills be- 


low 170°; therefore any definite recommenda- 
tions as to the boiling range would be mean- 
ingless 

Adulteration.—Oil of Abies alba is occasionally adulterated with Siberian 
fir needle oil, laevorotatory turpentine oil, or fractions thereof. 

Chemical Composition.—The chemical composition of the volatile oil 
derived from the twigs and needles of Abies alba Mill. has been investigated 
chiefly by Bertram and Walbaum,° by Schimmel & Co.,* and Aschan’ who 
reported the presence of the following compounds in the oil: 


2 Grimm, Langenau and Guenther, J. Am. Pharm. Assocn., Sct. Ed., 80 (1941), 209. 

8 Ber. Schimmel & Co., October (1892), 21; April (1893), 29. The properties reported 
by Gildemeister and Hoffmann are based upon these early observations. 

4J,. Am. Pharm. Assocn., Sci. Ed., 80 (1941), 209. 

8 Arch. Pharm. 281 (1893), 291. 

6 Ber. Schimmel & Co., April (1904), 48. 

7 Ber. 40 (1907), 4919. 
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Santene. In the lowest boiling fractions, observed by Aschan (cf. Vol. II of the present 
work, p. 79). 


l-a-Pinene. Identified by means of the nitrolbenzylamine m. 122°-123° (Bertram and 
Walbaum). 


l-Limonene. Characterized by preparation of the tetrabromide m. 104° (Bertram and 
Walbaum). 


l-Bornyl Acetate. In the higher boiling fractions; also reported by Bertram and 
Walbaum.* 


Lauraldehyde. Identified by means of the semicarbazone m. 101.5°-102.5° (Schimmel 
& Co.). This aldehyde, although present in small quantities only, is very impor- 
tant as regards the odor of the oil (cf. Vol. II of the present work, p. 317). 


Decylaldehyde. The oil appears to contain also traces of decylaldehyde (Schimmel 
& Co.). 


A Sesquiterpene(?). Not identified (Bertram and Walbaum). 


Use.—Of all the pine, spruce and fir needle oils, that of Abies alba Mill. 
possesses perhaps the most pleasant odor, characteristic of the scent pervad- 
ing sunny, pinaceous forests. In Europe the oil is highly esteemed, being 
used in all kinds of pine compositions such as room sprays, deodorants, 
and bath preparations. 

The oil is employed also in inhalants for the treatment of colds, and in 
medicinal preparations against rheumatism and similar ailments. 


B. Cone Oul 
(Oil of Templin) 


On distillation the ripe cones of Abies alba Mill. (fam. Pinaceae), the 
“European Silver Fir,” yield an essential oil, 1,000 to 6,000 kg. of which 
are produced every year in Switzerland (Berner Oberland), Germany 
(Black Forest), the Tyrol (Puster Valley), and Yugoslavia. 

The oil is contained chiefly in the seed formed in well-matured cones. 
Only cones at least one-year-old are, therefore, collected for distillation; 
this is usually done in August and September. For the purpose, harvesters 
climb into the trees on ladders and gather the cones in sacks. In most sec- 
tions permission to collect the cones has to be obtained from the forestry 
officials, who may impose a nominal fee. In general, the supply of cones 
is Irregular, because the silver fir does not produce a sufficient quantity of 
cones every year to make collection worth-while. 

The seeds, containing most of the essential oil, are surrounded by a very 
tough skin which prevents the oil from being freed in the course of distilla- 


8 Cf. Hirschsohn, Pharm. Zettschr. f. Russland $1 (1892), 593. 
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tion. It is, therefore, necessary to break the skin of the seed by mechani- 
cal means prior to distillation. For this purpose producers in Switzerland 
smash the cones with sledge hammers, while distillers in the Tyrol grind 
them in special small machines, being very careful that all seeds are broken 
up. In Switzerland the smashed cones are distilled in directly-fired stills 
(water distillation), 60 kg. yielding about 400 g. of oil. In the Tyrol the 
crushed cones are distilled in steam stills, 100 kg. yielding about 1,000 g. 
of oil. Distillation of one batch requires from 5 to 6 hr. Distilling seed 
exclusively, Schimmel & Co.® obtained 2.3 per cent of oil from whole seed, 
but 12 to 13 per cent of oil from crushed seed. 

Physicochemical Properties.—The volatile oil derived from the cones 
(or from the seed) of Abies alba Mill. is a colorless or slightly yellowish 
liquid of pleasant, balsamic odor, somewhat reminiscent of orange oil. 

The oils distilled by Schimmel & Co.?° from seed exclusively had these 
properties: 


Specific Gravity at 15°............ 0.8629 to 0.8668 
Optical Rotation................. — 68° 14’ to —76° 38’ 
Refractive Index at 20°........... 1.47636 to 1.47812 
Acid Number.................... 0.5 to 1.8 
Ester Content, Calculated as Bornyl 
Acetate iioi chow nesesecaeeas 0.3 to 1.38% 
SOMIDINGY «sinc is ldine ose selesiocas Soluble in 5 to 10 vol. and more of 90% alcohol 


For oils distilled from the cones—the usual procedure—Gildemeister and 
Hoffmann * reported the following values: 


Specific Gravity at 15°............ 0.851 to 0.870 

Optical Rotation................. — 60° 0’ to —84°0’. Oils from Thuringia occa- 
sionally have a lower rotation which is per- 
haps caused by the presence of oil derived 
from the cones of spruce trees 


Refractive Index at 20°........... 1.472 to 1.475 
Ester Content, Calculated as Bornyl 
ACOANG soso choo Se ads Baa utes Up to 6% 
Solubility......... 0.0.0... 0.0 0e cee Clearly soluble in 5 to 8 vol. of 90% alcohol, on 
rare occasions with slight turbidity 
Boiling Range.................... 11% of the oil distills from 150° to 170° 


37% of the oil distills from 170° to 185° 


Four genuine templin oils procured by the author in the Tyrol (I), Yugo- 
slavia (II), Switzerland (III), and in the Black Forest, Germany (IV) had 
these properties: 


9 Ber. Schimmel & Co., October (1912), 62. 
10 [bid. 
11 “Die Atherischen Ole,” 3d Ed., Vol. II, 177. 
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I II III IV 
Specific Gravity at 15°.......... 0.858 0.859 0.860 0.860 
Optical Rotation............... —77° 55’ —76° 35’ —77° 18’ —77° 5! 
Refractive Index at 20°......... 1.4732 1.4733 1.4733 1.4732 
Ester Content, Calculated as 
Bornyl Acetate............... 2.5% 1.9% 2.5% 1.6% 
Total Alcohol Content, Calculated 
as Borneol................05. 6.7% 4.3% 5.6% 4.6% 
Free Alcohol Content, Calculated 
as Borneol................... 4.2% 2.9% 3.6% 3.4% 
Solubility in 90% Alcohol....... Soluble Soluble Turbid Turbid 
in 8 in 8 in 90% in 90% 
vol., vol., alcohol alcohol 
with with 
turbid- turbid- 
ity ity 
Boiling Range 
Up 46.150? cect danas 1.1% 0.7% 0.8% saad 
150° to 155°... ce cee 6.0% 2.5% 2.5% 5.2% 
155° 03160" 36k ctsieseawns 5.5% 3.5% 3.5% 2.0% 
160° to 165°... .............. 12.5% 5.5% 6.5% 4.4% 
NOS? tO 110? eine bs kG nent eons 12.5% 27.0% 15.8% 12.8% 
by ( aes 0 sy ds ee 27.5% 30.0% 26.7% 41.6% 
175 10: 180" «os ncsen esawsctens 14.5% 14.0% 28.7% 17.2% 
180° t0:.188? 6 oxssieed Ga ticn 8.5% 6.0% 7.0% 6.4% 
185° to 190°... 10. ce eee 0.6% 0.8% 2.6% 1.2% 
Above 190° (decomposition prod- 
ucts and residue)............. 11.8% 10.0% 6.4% 9.2% 


Shipments of pure templin oil examined by Fritzsche Brothers, Inc., New 
York, had properties varying within the following limits: 


Specific Gravity at 15°/15°........ 0.855 to 0.873 
Optical Rotation. ................ —59° 31’ to —78° 48’ 
Refractive Index at 20°........... 1.4718 to 1.4758 
Ester Content, Calculated as Bornyl 
ACOUAUG ss Abate Koh aad Ca eee 0.3 to 3.9% 
SoltbUity css cows tes ete steed tals Soluble in 5 and more vol. of 90% alcohol, to 


turbid in 10 vol. of 90% alcohol 


Chemical Composition.—The earliest investigations of the chemical com- 
position of the volatile oil derived from the cones of Abies alba Mill. (tem- 
plin oil) are those of Fliickiger,?? and Berthelot,’* which, however, did not 
give any tangible results. Much more important are the later researches 


13 Vierteljahresschr. prakt. Pharm. 6 (1856), 1. Jahresber. Fortschritte Chem. (1855), 
642. 
18 J, pharm. chim. [8], 29 (1856), 38. Chem. Zentr. (1856), 139. 
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of Wallach,* Bertram and Walbaum,!® Schimmel & Co.,?* and Massera,?” 
who reported the presence of the following compounds in the oil: 


l-a-Pinene. An important constituent of the oil (Wallach, Bertram and Walbaum, 
and Massera). 


l-Limonene. The oil consists chiefly of l-limonene. Identified by the same authors. 
Tetrabromide m. 104.5°. 


Oil of templin is the most suitable raw material for the technical isolation of 
laevorotatory limonene. 


A Sesquiterpene(?). In an oil derived in Italy from the.seed of the European silver 
fir, Massera noted the presence of a sesquiterpene which was perhaps cadinene. 
A sesquiterpene of unknown constitution had previously been reported by Schim- 
mel & Co. as a constituent of templin oil. 


Borneol. According to Massera, the oil contains small quantities of free borneol. 
Identified by means of the acid phthalic ester m. 164°. 


An Alcohol(?). Years ago Schimmel & Co. found that, aside from borneol, the oil 
contains another alcohol b. 190°-197°, dis 0.9013, which was not identified. 


Borny] Acetate. Small quantities only. First reported by Schimmel & Co., later 
confirmed by Massera. 


Use.—Because of its suave balsamic odor, oil of templin serves as an 
adjunct in all kinds of pine needle scents. 


OIL OF ABIES BALSAMEA (L.) MILL. 


Abves balsamea (L.) Mill., syn. Abies balsamifera Mich. or Pinus balsamea 
L. (fam. Pinaceae), the so-called “American Silver Fir,” “Balsam Fir,” 
“Balsam Tree,” or “Balm of Gilead Tree,” is a graceful tree, up to 40 ft. 
in height, with a tapering trunk and numerous branches which give to the 
tree the form of an almost perfect cone. It occurs particularly in Canada 
(Province of Quebec), Nova Scotia, Maine, and in the mountainous regions 
further west and south. 

14 Tnebigs Ann. 227 (1885), 287. 
15 Arch. Pharm. 281 (1893), 293. 


16 Ber. Schimmel & Co., April (1909), 47. 
17 Rivista wtal. essenze profumt 12 (1930), 95. 
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A. Leaf (Needle) Oil 


On steam distillation the young branches and adherent leaves of Abies 
balsamea (L.) Mill. yield an essential oil, the odor of which resembles that 
of hemlock and spruce oils. 

Fourteen distillation experiments carried out by Risi and Brule? in the 
Province of Quebec (Canada) gave an average yield of 0.65 per cent of oil. 
According to the same authors, the yield in commercial production ranges 
from 1.0 to 1.4 per cent and occasionally even higher. As in the case of 
hemlock-spruce and thuja oils, the yield depends upon several factors, 
among them the habitat of the tree, its age, the season, and the packing of 
the still. Material from a fifteen-year-old tree yielded 70 per cent more oil 
than that from a one-hundred-and-ten-year-old tree. The yield is highest 
from January to March, and in September, and lowest from April to 
August. 

The oils distilled by Risi and Brule? had properties varying within these 
limits: 


Extreme Limits Average 
Specific Gravity at 15°........ 0.8800 to 0.8890 0.8828 
Specific Optical Rotation...... — 20° 30’ to —26° 30’ —23° 30’ 
Refractive Index at 20°....... 1.4727 to 1.4779 1.4754 
Acid Number................ 0.45 to 0.85 0.60 
Ester Number............... 18.2 to 46.6 29.9 
Saponification Number........ 18.7 to 47.2 30.5 
Boiling Range................ 155° to 163° 161° to 195° 
Solubility in 90% Alcohol..... Soluble in from 4.2 to 7.2 vol.; on the 


average in 5.4 vol. 


Hunkel * found that an oil derived from the twigs and leaves of Abtes 
balsamea contained 17.6 per cent of bornyl acetate and probably l-a-pinene. 

According to the author’s knowledge, very little oil is produced at present 
from the leaves of Abies balsamea. 


B. Turpentine Oil 
(Oil of Canada Turpentine—Oil of “Canada Balsam’’) 


Abies balsamea (L.) Mill. separates a liquid oleoresin in special vesicles 
located beneath the bark; usually the oleoresin penetrates the bark and 
forms blisters on the surface of the trunk and branches. By breaking these 
blisters or the vesicles beneath the bark, the oleoresin can be collected. 
This is usually done from the middle of July to the middle of August, 


1 Am. Perfumer 48 (January 1946), 37. 3 Am. J. Pharm. 67 (1895), 9. 
2 Ibid. 
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small metal cans with a pointed, sharp lip being used for the purpose. After 
the balsam is collected for one season, the tree has to be left to recuperate 
for one or two years. 

The commercial term “Canada Balsam” by which the oleoresin is known 
in the trade is a misnomer. The product actually represents a true turpen- 
tine, because it consists chiefly of resin and volatile oil, and does not contain 
any benzoic acid or cinnamic acid. Canada turpentine or “Canada Balsam” 
is used largely as a permanent mounting medium in microscopy and as a 
cement for glassware. Natives in the producing regions employ it as a 
popular vulnerary, and as an internal remedy for coughs. 

Canada turpentine is a pale yellow or yellowish-green, transparent and 
viscous mass with a pleasant therebinthinate odor. When exposed to the 
air, it dries very slowly to a transparent varnish. 

On steam distillation, Canada turpentine yields from 15 to 25 per cent of 
a volatile oil. 

Physicochemical Properties—The volatile oil distilled from “Canada 
Balsam” is an almost colorless liquid with an odor resembling that of 
templin oil. Unlike the balsam itself (which exhibits dextrorotation) the 
oil is laevorotatory. 

Schimmel & Co.,* (I) and Smith and West® (II) reported the following 
properties of two oils distilled from “Canada Balsam”: 


I II 
Specific Gravity at 15°............... 0.8614 0.8605 
Optical Rotation.................... —30° 36’ = a? — 32° 30’ 
Refractive Index at 20°.............. 1.47809 1.4758 
Acid Number................0.0000- 0 1.23 
Ester Number..................00-- 3.7 2.24 
Ester Number after Acetylation....... ... 15.1 


Chemical Composition of the Oil.—About eighty years ago, Fliickiger ° 
reported that the volatile oil derived from “Canada Balsam” consists chiefly 
of l-¢-pinene. A more recent investigation by Smith and West,’ however, 
showed that the oil is composed of the following compounds: 


l-8-Phellandrene. The oil contains about 20 per cent of [-8-phellandrene (cf. Vol. ITI 
of the present work, p. 48). A solution of the a-nitrosite exhibited slower mutaro- 
tation than the a-nitrosite of l-a-phellandrene. Confirmed by MacBeth et al.*® 


B-Pinene. Present in smaller quantities. 
a-Pinene. In small quantities only. 
4 Ber. Schimmel & Co., April (1914), 38. 7J. Soc. Chem. Ind. 86 (1937), 300T. 


5 J. Soc. Chem. Ind. 86 (1937), 300T. 8 J. Chem. Soc. (1938), 119. 
6 Jahresber. Pharm. (1869), 37. 
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Esters. Small quantities (one of the esters contained in the oil is bornyl acetate—the 
author). 


Alcohols. Also in small quantities. Among the alcohols were probably androl and 
bupleurol (cf. Vol. II of the present work, pp. 165 and 166, respectively). 


Use.—According to the author’s knowledge, the volatile oil of Canada 
turpentine is not produced at present on a commercial scale. 


OIL OF ATLAS CEDARWOOD 


Cedrus atlantica Manetti (fam. Pinaceae), the so-called “Atlas Cedar,” 
is a tall tree attaining a height of about 40 m., with upright leading shoots. 
As the name implies, it occurs in the Atlas Mountains of Morocco and 
Algeria. According to Trabut,’ the Atlas cedar is closely related to the 
Lebanon cedar. As a& matter of fact, it has been classified as Cedrus liba- 
notica Lk., subsp. atlantica (Manetti) Holmboe, a local subspecies or 
variety of the Lebanon cedar. 

On steam distillation the wood of the Atlas cedar yields from 3 to 5 
per cent of an essential oil, which is produced commercially in the Atlas 
Mountains of Morocco, particularly in Azrou. 

Physicochemical Properties.—Oil of Atlas cedarwood is a viscous, light- 
brown liquid of pleasant balsamic and lasting odor. 

Gildemeister and Hoffmann? reported the following properties for the 
oil: 


Specific Gravity at 15°............... 0.945 to 0.968 
Optical Rotation.................... +43° 0’ to +62° 0’ 
Refractive Index at 20°.............. 1.512 to 1.517 
Acid Numbers 4435 sone eicnows eas Up to 2 
Ester Number...............0.0005: 3 to ll 
Ester Number after Acetylation....... 30 to 46 
Total Alcohol Content, Calculated as 
Cig iO tier arnenes Se eh es 12 to 19% 
SolUDINCY siiisids wie cated ouicedees Soluble in 1 to 10 vol. of 


90% alcohol; the solu- 
bility increases with 
the content of sesqui- 
terpene alcohols 


1“Sur l’huile de Cédre de |’Atlas,” Bull. sct. pharmacol. (1900), 262. Ber. Schimmel & 
Co., April (1901), 61; April (1902), 11; October (1902), 25. 
2 “Die Atherischen dle,” 3d Ed., Vol. II, 218. 
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Atlas cedarwood oils distilled in Morocco by Massy? had properties 
varying within these limits: 


Specific Gravity.................206- 0.9384 to 0.9587 

Optical Rotation.................... +35° 16’ to +49° 14’ 

Refractive Index. ...............005. 1.5061 to 1.6132 

Acid Number...............00000eee 0.50 to 2.16 

Ester Number............... 000 eeae 3.75 to 8.86 

Ester Number after Acetylation....... 28.26 to 40.01 

Solubility......... 0.000. cece eee eens Soluble in 1 to 6 vol. of 
90% alcohol 


According to a bulletin edited by the Société Marocaine d’Exploitations 
Forestiéres,* Atlas cedarwood oils of good quality should meet the follow- 
ing requirements: 


Specific Gravity at 15°............... 0.939 to 0.945 

Optical Rotation.................... +-45° 0’ to +55° 0’ 
AcidsNmber 5.5323, c% cer edacae secede Up tol 

Ester Number after Acetylation....... Not less than 20 
Solubility at 20°.................000- Soluble in less than 10 


vol. of 90% alcohol 


Chemical Composition—The chemical composition of Atlas cedarwood 
oil was first investigated by Grimal ° and about thirty years later by Pfau ° 
and Pfau and Plattner,’ who reported the presence of the following com- 
pounds in the oil: 


Acetone. Traces in the forerun of the oil. 


1-Methy]-4-acetyl-1-cyclohexene (p-Methyl-3-tetrahydroacetophenone). First noted 
by Grimal and later identified by Pfau and Plattner. The oil contains about 1 
per cent of this ketone (cf. Vol. II of this work, p. 482). It is not present in the 
wood of the tree but originates on steam distillation of the wood. 


Sesquiterpenes(?). On fractionation of the oil, Pfau and Plattner obtained about 50 
per cent of a sesquiterpene mixture which was not thoroughly investigated. Cad- 
inene was one of the sesquiterpenes. 


d-Cadinene. First identified in the oil by Grimal, who prepared the dihydrochloride 
m. 117°-118°, [a]7?? +25° 40’. 


Sesquiterpene Alcohols(?). When fractionating their oil, Pfau and Plattner also 
obtained 30 per cent of a fraction which boiled quite uniformly and exhibited a 
characteristic sweet odor. The fraction contained several bi- and tricyclic ses- 
quiterpene alcohols which, however, were not identified. 


3 Bull. Soc. Sct. natur. Maroc, botan. appl. 16 (1924), No. 1. Ber. Schimmel & Co. 
(1925), 5. 

4“T’Essence de Cedrus atlantica,” Paris (1930), 3. 

5’ Compt. rend. 185 (1902), 582, 1057. 7 Ibid. 17 (1934), 129. 

6 Helv. Chim. Acta 18 (1982), 1481. 
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A Ketone(?). In the same fraction Pfau and Plattner noted the presence of a mono- 
cyclic ketone CisHs202, which appeared to be very unstable. Pfau and Plattner 
did not succeed in separating this ketone from the atlantones. 


a- and y-Atlantone. The chief constituents of the oil, present in the same fraction 
as the ketone Ci;sH22.0O¢2 and the sesquiterpene alcohols mentioned above. The 
constitution of the atlantones, i1.e., two isomeric monocyclic sesquiterpene ke- 
tones C:;Hs0, was elucidated by Pfau and Plattner (cf. Vol. II of this work, 
p. 448). 

Use.—In North Africa, oil of Atlas cedarwood is used externally and 
internally against all kinds of diseases (bronchitis, tuberculosis, skin dis- 
eases, etc.). At one time the oil was employed as a substitute for East 
Indian sandalwood oil, particularly in the treatment of gonorrhea.* 

In perfumery and in the scenting of soaps, the oil serves as an excellent 
odor fixative. 


SuGGESTED ADDITIONAL LITERATURE 


L. Trabaud, “Pyrogenic Oil of Atlas Cedarwood,” Mfg. Perfumer 3 (1938), 225. 


OIL OF DEODAR CEDARWOOD 
(Oil of Himalayan Cedarwood) 


The Deodar cedar, a native of the Himalayan Mountain region, is a 
beautiful and graceful tree of pyramidal outline, growing to a height of 
50 m. It has been classified as a distinct species, Cedrus deodara (Roxb.) 
Loud. (fam. Pinaceae). Formerly, some taxonomists considered it to be 
a variety of the “Cedar of Lebanon,” Cedrus libani Loud.* 

Distillation of the wood yields about 2.5 per cent of a volatile oil with a 
pleasant balsamic odor.? 

Physicochemical Properties.—Roberts,? Schimmel & Co.,‘ and Simonsen 
and Rao® reported the following properties for the essential oil derived 
from the wood of the Deodar or Himalaya cedar tree: 

8 Cf. Gemy, Perfumery Essential Oil Record 24 (1933), 127. 
1 Cf. Roberts, J. Chem. Soc. 109 (1916), 791. 

2 Bull. Imp. Inst. 21 (1923), 501. 

8 J. Chem. Soc. 109 (1916), 791. 


4 Ber. Schimmel & Co., April (1915), 54. 
5 Indian Forest Records 9 (1922), 111. J. Soc. Chem. Ind. 42 (1923), A. 29. 
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Specific Gravity at 15°............. 0.9530 to 0.9756 

Optical Rotation.................. +34° 0’ to +53° 8’ 

Refractive Index at 20°............ 1.515 to 1.523 

Acid) Num beP is 62 6.s60286len0e0004 1.6 to 5.6 

Ester Number.................00. 4.9 to 20.5 

Ester Number after Acetylation..... 30.8 to 39.2 

Solubility.........0..0 00.00.00 cee One of the oils investigated was soluble in all 


volumes of 90% alcohol. Two other oils were 
not completely soluble in 90% alcohol 


Chemical Composition.—The above-named authors also investigated the 
chemical composition of the essential oil obtained by steam distillation of 
the wood of the Deodar cedar, and isolated a number of constituents which 
are listed below. About ten years later, Pfau,* and Pfau and Plattner’ 
identified atlantone as the chief constituent of the oil. The presence of the 
following compounds has been reported in the oil: 


1-Methyl-4-acetyl-1-cyclohexene (p-Methy]-3-tetrahydroacetophenone). In the frac- 
tion b. 258°-265° of the oil; first isolated by Schimmel & Co., later identified by 
Simonsen and Rao (cf. Vol. II of the present work, p. 482). 


A Phenol(?). According to Roberts, the oil contains traces (0.1 per cent) of a phenol, 
from which he prepared a benzoyl compound m. 70°. Simonsen and Rao could 
not find any phenols in the oil which they investigated. 


A Sesquiterpene(?). The oil consists chiefly of sesquiterpenic compounds. Among 
them, Roberts isolated a sesquiterpene b. 262°-265°, big 151°-153°, di§ 0.9276, 
of +-14° 36’, n?! 1.5170. The sesquiterpene did not yield any solid derivatives, 


A Sesquiterpene Alcohol(?). Simonsen and Rao isolated from the oil a sesquiterpene 
alcohol bss 202°-204°, d 0.9578, [a]® +38° 25’, n3? 1.515. 


a- and y-Atlantone. According to Pfau, and Pfau and Plattner, the chief constituents 
of the oil are a- and 7-atlantone, i.e., two isomeric monocyclic sesquiterpene 
ketones C,;H220 (cf. Vol. II of the present work, p. 448). These ketones also 
occur in Atlas cedarwood oil. 


Esters of Butyric, Caproic, Enanthic and Stearic Acids. Small quantities of caproic, 
enanthic, and stearic acids were observed by Roberts. Simonsen and Rao found 
butyric and caproic acids in the oil, but no enanthic or stearic acids. 


Use.—According to the author’s knowledge, oil of Deodar cedarwood is 
not produced on a commercial scale. 


6 Helv. Chim. Acta 18 (1932), 1481. 
7 Ibid. 17 (1934), 129. 
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OIL OF LEBANON CEDARWOOD 


The “Cedar of Lebanon,” Cedrus libani Barr. (syn. C. libanotica Lk.), 
fam. Pinaceae, a native of Asia Minor and Syria, is a tree growing to a 
height of 40 m., with upright or spreading leading shoots. Distilling the 
wood of the Lebanon cedar, Schimmel & Co.’ obtained about 3.5 per cent 
of a yellowish oil with a pleasant balsamic odor, slightly reminiscent of 
methyl heptenone and thujone. 

Physicochemical Properties.—The properties of the oils investigated by 
Schimmel & Co. varied within these limits: 


Specific Gravity at 15°.............. 0.940 to 0.947 
Optical Rotation. ...............06. +685 0’ to +86° 0’ 
Refractive Index at 20°............. 1.5125 to 1.5134 
Acid Number...............200 cee. 0.5 to 1.5 
Ester Number............-.. 00000 2.0 to 3.0 
Ester Number after Acetylation...... 19.8 
Solubility ..i cscs cs ca bess eee ces eamee Soluble in 5 to 6 vol. 
of 95% alcohol 

Boiling Range at 754 mm.: 

B10 10: 210 ee esa etre Gwateees 30% 

210 10.280 sacaweswassaedeavan ee 40% 

280" tO. 280 esas css veces fades 14% 

285° to 200°... ee ee ees 6% 

Distillation Residue............... 10% 


Steam-distilling wood shavings of the Lebanon cedar tree, Massy ? ob- 
tained 6 per cent of an oil with the following properties: 


Specific Gravity at 15°.............. 0.9570 

Optical Rotation. .................. +43° 28’ 

Acig Num ber: iicsc ieiud ican cease 0.7 

Saponification Number.............. 4.84 

Ester Number after Acetylation...... 33.77 

SOMUDINGY ous cara boa ieee Seo edad Soluble in 1 vol. of 
90% alcohol 

Boiling Range at atm. pr............ 270° to 290° 


Chemical Composition.—No special investigation of the chemical compo- 
sition of Lebanon cedarwood oil appears to have been undertaken. Since 
the Lebanon cedar is related to the Atlas cedar, it may be assumed that 


1 Ber. Schimmel & Co., October (1909), 130. 
2 Chimie & industrie 8 (1922), 464. 
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the essential oils derived from the wood of the two Cedrus species are of 
similar composition (cf. the monograph on “Oil of Atlas Cedarwood’’). 

Use.—According to the author’s knowledge, the oil is not produced on a 
commercial scale. 


OIL OF PINUS MUGO TURRA VAR. PUMILIO 
(Dwarf Pine Needle Oil) 


Pinus mugo Turra var. pumilio, syn. Pinus pumilio Haenke or Pinus mon- 
tana Mill. var. mugus, pumilio and rotundata (fam. Pinaceae), the so-called 
“Dwarf Pine” or “Swiss Mountain Pine,” is a sturdy shrub-like tree grow- 
ing wild and abundantly on the high mountain slopes of the Alps. It occurs 
in the form of smail patches or large, dense and almost impenetrable stands. 
In the Tyrol the dwarf pine covers from 5 to 20 per cent of the total forest 
area. The young branches and adherent leaves contain a volatile oil, 7,000 
to 13,000 kg. of which are produced yearly in southern Tyrol (particularly 
in the high valleys near Bolzano), in northern Tyrol (Inn, Lech and Stubai 
Valleys), in upper Bavaria (near Garmisch-Partenkirchen), and in northern 
Italy (Province of Belluno). 

The plant material is collected from the beginning of May to the end 
of October and even later, weather permitting. Farmers and landowners in 
the mountains consider the dwarf pine a nuisance, which they would like to 
have eradicated to make room for cattle pastures. Forest officials, on the 
other hand, see in the dwarf pine an excellent and natural means of prevent- 
ing soil erosion and are usually hesitant in granting permission to cut the 
stands. In certain sections of upper Bavaria the government has actually 
prohibited cutting of the dwarf pine. In Austria, regulations are less strict, 
but any stands must be cropped in horizontal strips, following the method 
of contour cultivation practiced in modern soil conservation. 

Only the branches of trees growing at an altitude of about 1,300 to 2,100 
m. are cut. If the land is owned by the government or a community, the 
right to crop the stands requires payment of a fee. On privately-owned 
land, permission of the forest officials must be obtained. Young branches 
about one-half to three-quarters of an inch thick are hacked off the bushes 
with small axes and are then tied into bundles. One man can collect up to 
about 1,000 kg. of plant material per day. The stems and roots are either 
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left in the ground or are extracted for use as fire wood. In the latter case 
natural regrowth of the tree is prevented, but if the roots are left in the 
ground they will either rot and die, or produce new growth. The bundled 
twigs and adherent needles are hooked on to relay cables leading from the 
mountain slopes to the distillery in the valley—an easy and cheap way of 
transporting the distillation material (and fire wood). Because the stands 
of the dwarf pine are so widely scattered, the relay cables must be moved 
several times in the course of a season; for the same reason most of the 
distilleries are small, so that they, too, can be moved if the distillation 
material in any section should become scarce or too far remote to be readily 
accessible. Quite a number of distilleries have been destroyed by snow 
avalanches in the spring. According to Kofler,! a few large distilleries have 
been erected in the Lech and Stubai Valleys, and near Lake Piller in the 
Tyrol. 

Prior to distillation the plant material should be reduced to small size in 
heavy-duty ensilage cutters driven by water power. Comminution in- 
creases the yield of oil by about 30 per cent. The stills are constructed of 
wood or copper and hold from 120 to 1,100 kg. of chopped branches and 
leaves (needles). Steam is usually generated in a separate steam boiler. 
Distillation of one charge requires from 2% to 8 hr., on the average 5 hr. 
During the height of the season, the distilleries operate day and night. 

Yield and Quality of Oil.—Yield and quality of the oil depend upon sev- 
eral factors. According to observations made by the author in the pro- 
ducing regions of the Tyrol, yield of oil averages 0.3 to 0.4 per cent. Kofler ? 
reported commercial yields varying from 0.12 to 0.45 per cent. His own 
experiments showed that the yield is highest in January (0.61 per cent), 
and lowest in August (0.382 per cent). Kofler also found that young 
branches contain more oil than the attached needles. With age the content 
of the oil in the branches diminishes. Distilling young branches, Kofler 
obtained 0.74 per cent of oil; twenty-year-old branches gave only 0.05 per 
cent of oil. The bark on the branches, regardless of their age, contains ten 
times more oil than the wood. In the opinion of Kofler, branches older than 
twelve years should not be used for distillation. Nevertheless, in actual 
practice, branches (and adherent needles) fifteen to twenty years old are 
worked up. 

Loesche ® observed that the odor of the oil depends upon the season dur- 
ing which the branches are cut, the altitude, the condition of the soil, and 
exposure to the sun. Oils produced in the spring or from sun-exposed plants 
1 Arch. Pharm. 276 (1937), 621. 


2 Ibid. Cf. Die Deutsche Heilpflanze 6 (1940), No. 3. 
8 Pharm. Zig. 79 (1934), 975. 
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have a suave, mellow odor; oils distilled in the fall or from plants growing 
in shady places exhibit a somewhat harsh and fatty odor. 
Physicochemical Properties.—Oil of Pinus mugo is a colorless to slightly 
yellowish liquid with a pleasant, pronounced balsamic odor reminiscent of 
pine needles, but with a peculiar, somewhat fatty by-note. 
Gildemeister and Hoffmann ‘ reported the following properties for the oil: 


Specific Gravity at 15°............ 0.863 to 0.875; in Tyrolean oils as low as 0.860. 
Specific gravities higher than 0.871 may be 
caused by autoxidation (resinification) of the 
oil 


Optical Rotation. ................ —4° 0’ to —9° 0’; in Tyrolean oils occasionally 
as high as —15° 20’ 
Refractive Index at 20°........... 1.475 to 1.480 
Acid Number.................... Up to 1.0 
Ester Content, Calculated as Bornyl 
Acetate... 2... ccc ce eee eee 3 to 8% 
Bolabibty esec-ce i senatietaseaancnk Soluble in 4.5 to 8 vol. of 90% alcohol, occasion- 
ally with slight turbidity 
Boiling Range: 
Up to 165" 3.33 2 ceaiceeteeeae Che 
1's es Ef | ae Up to 15% 
i Vs Uy 5 ge a 14 to 40% 
175-180 3.65.4025.06 eee ones 12 to 40% 
18071855 as tte eos eeusia tees 8 to 12% 
ADOVE 189° 0.26.5 so divas veneers 24 to 36% 


About 65% of the oil distilled from 170°-185° 


Shipments of genuine dwarf pine oil from the Tyrol examined by 
Fritzsche Brothers, Inc., New York, had properties varying within these 
limits: 


Specific Gravity at 25°/25°........ 0.856 to 0.864 
Optical Rotation................. —7° 0’ to —13° 25’ 
Refractive Index at 20°........... 1.4750 to 1.4780 
Ester Content, Calculated as Bornyl 
Acetate... 0... 0. ccc cee eee 3.3 to 6.1% 
Solubility in 90% Alcohol......... Soluble in 5 vol. and more, to 
turbid in 10 vol. 


As regards the boiling range of the oil, Gildemeister and Hoffmann (see 
above) claim that no part of the oil distills over below 165°. Similarly, 
the older editions of the United States Pharmacopoeia (U.S.P. Tenth Re- 
vision) specified that less than 1 per cent of the oil should distill below 
165°. Most shipments of dwarf pine needle oil received by Fritzsche 
Brothers, Inc., New York, up to the early thirties conformed with this 
specification. However, when in 1934 the author undertook a personal 


“Die Atherischen Ole,” 3d Ed., Vol. II, 182. 
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survey of the production of essential oils in the Tyrol, he procured several 
authentic samples of dwarf pine needle oil which had a boiling range dif- 
ferent from that observed formerly. Up to 10 per cent of the oil distilled 
below 165°. Producers in the Tyrol were unable to give a satisfactory 
explanation for this obvious deviation. Upon the author’s suggestion, 
Gebriider Unterweger, in Thal-Assling, the Tyrol, then undertook system- 
atic experiments, distilling branches and adherent leaves of the dwarf pine 
under varied conditions of plant material, soil and weather. Analyzing 24 
oils thus obtained, the author and his collaborators ® found that the prop- 
erties varied within these limits: 


Specific Gravity at 25°/25°............ 0.854 to 0.871 
Optical Rotation at 25°. .............. —3° 19’ to —15° 16’ 
Refractive Index at 20°............... 1.4750 to 1.4790 
Acid Number............ 0.000 ee eee 0.2 to 1.3 
Ester Content, Calculated as Bornyl Ace- 
GONE oot Scie were edie eee aces 3.3 to 9.5% 
Total Alcohol Content, Calculated as 
DOMCOL: 664s ease diwshedheewdoud 4.2 to 10.38% 
Aldehyde Content, Calculated as Capro- 
aldehyde (Hydroxylamine Hydrochlo- 
ride Method)..............0.e20005 0.01 to 0.47% 
Solubility in 90% Alcohol............. A few oils were soluble in from 5.5 to 8 vol.; 
most oils were hazy up to 10 vol. 
Boiling Range............... 0.000 eee In the case of 23 oils not more than 10% of 


the oil distilled below 165°; only in the 
case of one oil did more than 10% distill 
below 165° 


Grimm, Langenau and Guenther ® then suggested that the specifications 
for oil of Pinus mugo be modified as follows: 


Specific Gravity at 25°/25°............ 0.853 to 0.871 
Optical Rotation at 25°............... —3° 0’ to —16° 0’ 
Refractive Index at 20°........ Eman 1.4750 to 1.4800 
Ester Content, Calculated as Bornyl Ace- 
WG ohne bean oeeaie wile wa eae 3 to 10% 
0) 00 10) | ae Soluble in 4.5 to 10 vol. of 90% alcohol, 
often with turbidity 
Boiling Range..................02000 Less than 10% of the oil distills below 165° 


These values, with slight modifications, were accepted by the United 
States Pharmacopoeia, and later by the National Formulary. 

Investigating the boiling range of dwarf pine needle oil, Fischer’ on his 
part also found that in the case of most oils small quantities distill below 


5 Grimm, Langenau and Guenther, J. Am. Pharm. Assocn., Sct. Ed., 30 (1941), 209. 
6 Ibid 


7 Pharm. Zentralhalle 82 (1941), 37. 
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165°. No satisfactory explanation for this obvious change in the boiling 
range has yet been given. 

So far as the seasonal variations in the physicochemical properties of the 
oil are concerned, Loesche * noted that the specific gravity of oils distilled 
in May was highest (deo 0.8752), that of oils produced in August lowest 
(doo 0.8700). The optical rotation was highest in June (ap —14° 9’), and 
lowest in September/October (ap —6° 7’). The ester content decreased 
from 9.24 per cent in oils produced in May to 5.2 per cent in oils distilled 
from July to August. 

Adulteration—Dwarf pine needle oil is occasionally adulterated with 
all kinds of low-priced pine oils and fractions thereof, dipentene for ex- 
ample. Fischer® found that oils adulterated with more than 10 per cent 
of dipentene readily yielded a tetrabromide m. 123°-124°. Pure oils did 
not yield a tetrabromide. 

According to the same author,’ some oils of Pinus mugo give a dis- 
tinctly blue to blue-violet color on addition of an alcoholic solution of guaiac 
gum and one drop of ferrous chloride solution. This positive test for the 
presence of peroxides can be explained by autoxidation of dipentene, small 
quantities of which occur in genuine oil of Pinus mugo. On storage and 
aging of the oil autoxidation may take place, dipentene being very sus- 
ceptible in this respect. 

Chemical Composition.—The chemical composition of the volatile oil 
derived from the branches and adherent leaves of the dwarf pine has been 
investigated by Buchner,” Atterberg,}* Bertram and Walbaum,?* and Bécker 
and Hahn.** The most thorough and recent investigation is that of Wien- 
haus and Nahme.'® The presence of the following compounds has been 
reported in oil of Pinus mugo: 


l-a-Pinene. First noted in the oil by Atterberg and named ‘“‘terebentene.” Later 
Bertram and Walbaum identified this compound as /-a-pinene. Nitrolbenzyl- 
amine m. 122°-123°. 


B-Pinene. Characterized by oxidation to nopinic acid m. 125°-126° (Wienhaus and 
Nahme). 


l-Limonene and Dipentene. Identified by the same authors. The mixture of the 
tetrabromides melted at 116°. 


8 J. prakt. Chem. [2], 147 (1987), 75. 

9 Pharm. Zentralhalle 82 (1941), 37. 
10 Ibid. 

11 Inebigs Ann. 116 (1860), 323. 

12 Ber. 14 (1881), 2531. 

18 Arch. Pharm. 281 (1893), 297. 

14 J, prakt. Chem. [2], 88 (1911), 489. 
15 Ber. Schimmel & Co., Jubiléums Ausgabe (1929), 235. 
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l-Phellandrene. Reported by Bertram and Walbaum who prepared the nitrite m. 102°. 
Phellandrene is present in the oil probably as a-phellandrene, accompanied by 
very small quantities of the B-isomer. 


A*-Carene (Sylvestrene). Years ago Atterberg expressed the opinion that the oil 
contains sylvestrene, the dihydrochloride of which melted at 72°. More re- 
cently Rao and Simonsen '* proved that sylvestrene is not a natural constituent 
of essential oils, but an artifact, originating from A®- and A*-carenes when an oil 
is treated with hydrochloric acid in order to isolate sylvestrene (cf. Vol. II of this 
work, p. 32, and the monograph on “Oil of Pinus sylvestris L.—Chemical Com- 
position,’ in the present volume). 


Caproaldehyde. Identified by means of its semicarbazone m. 112°, and by oxidation 
to caproic acid (Wienhaus and Nahme). 


Anisaldehyde. Also reported by Wienhaus and Nahme. Semicarbazone m. 203°— 
204°. Oxidation to anisic acid. 


Cuminaldehyde(?). Judging from the odor, cuminaldehyde is a possible constituent 
of the oil (Wienhaus and Nahme). 
These aldehydes, although present in traces only, nevertheless exert a con- 
siderable influence upon the odor of the oil. 


Cryptone (4-Isopropyl-2-cyclohexen-l-one). Identified by means of its semicarbazone 
m. 85° (Wienhaus and Nahme). This ketone originates in the oil probably by 
autoxidation of 8-phellandrene (cf. Vol. II of the present work, p. 388). 


A Terpene Alcohol C:9H1s0(?). Wienhaus and Nahme observed in the oil the presence 
of a free, secondary, monocyclic terpene alcohol C;oH)30, containing one double 
bond. Wienhaus and Nahme temporarily assigned the name ‘‘Menthenol P” to 
this alcohol. 


Bornyl Acetate. First reported as constituent of the oil by Bertram and Walbaum; 
later confirmed by Wienhaus and Nahme. 


Bornyl Propionate and Bornyl Caproate. The two last-named authors furthermore 
found that the oil also contains small quantities of bornyl propionate and bornyl 
caproate. 


Cadinene. Noted in the high boiling fractions by Bertram and Walbaum. Dihydro- 
chloride m. 118°. 


Pumiliol(?). An unsaturated sesquiterpene alcohol C,sH2.0, which Wienhaus and 
Nahme named pumiliol. It contains one double bond. 


Tertiary Terpene and Sesquiterpene Alcohols. The same authors also noted that the 
oil contains appreciable quantities of tertiary terpene alcohols and sesquiterpene 
alcohols which were not identified. Terpineol and terpinenol were not among 
them. 


A Sesquiterpene Aldehyde(?). Bécker and Hahn reported that the oil contains a 
sesquiterpene aldehyde C;s5H2.0, which was not identified. 


16 J, Chem. Soc. 127 (1925), 2494. 
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A Sesquiterpene Ketone(?). The same authors also noted the presence of a sesquiter- 
pene ketone C;;H»O which they could not identify. It appeared to contain two 
double bonds. 

Bécker and Hahn furthermore claimed that the oil contains another ketone, 
which they named “pumilone.”’ Its semicarbazone melted at 116°-117°. The 
ketone had the empirical molecular formula CgsH,,O, and was supposed to have 
a cyclic configuration. More recently Wienhaus and Nahme showed that the 
‘“‘pumilone” of Bécker and Hahn does not exist in the oil, and that a ketone of 
the formula CsH,,0 could not possibly possess a cyclic structure. 


Use.—Oil of Pinus mugo is a valuable adjunct in the scenting of soaps 
and in compositions intended for use as bath salts, deodorants, room sprays, 
inhalants, etc. 

For many years the oil has been employed in pharmaceutical prepara- 
tions against diseases of the skin and scalp, rheumatism, and ailments of 
the respiratory organs. Quilico?”? reported his experience in the successful 
treatment of bladder inflammation, pleurisy, and tuberculosis by the use 
of dwarf pine oil. 


OIL OF PINUS SYLVESTRIS UL. 


A. Leaf (Needle) Oul 


The young branches and adherent leaves of Pinus sylvestris L., the 
so-called “Scotch Pine,” or “Norway Pine” (fam. Pinaceae) contain an 
essential oil which is produced chiefly in the Tyrol, Yugoslavia, in the 
Baltic States, in Siberia, and to a small extent in Sweden. Total produc- 
tion per year varies from about 1,000 to 3,000 kg. According to Sander- 
mann,? there is only one distillery in Sweden (in Jénk6ping), cost of pro- 
duction in Scandinavia being too high to permit expansion of the industry. 

The physicochemical properties and chemical composition of the oil 
appear to be greatly influenced by its geographical origin. Oils of best 
quality come from the Tyrol, particularly from the environments of Thal- 
Assling, the principle producing region of the oil. 

In the Tyrol, oil of Pinus sylvestris is produced from spring to the begin- 
ning of winter, when snow stops the work. The distillation material is 


17 Rivista ital. essenze profumt 11 (1929), 7. 
1 Setfensieder-Ztg. 66 (1939), 803, 833, 863; 67 (1940), 15, 45. 
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obtained when the forests are thinned out; this must be done at regular 
intervals by trimming old trees and by felling some of the young ones. 

Distillation of one batch requires about 5 hr. The yield of oil ranges 
from 0.25 to 0.35 per cent. 

Physicochemical Properties.—The volatile oil derived from the young 
branches and adherent leaves of Pinus sylvestris is an almost colorless or 
slightly yellowish liquid of pleasant, balsamic odor, characteristic of pine 
needles. 

Gildemeister and Hoffmann? reported these properties for German (in- 
cluding Tyrolean) oils of Pinus sylvestris: 


Specific Gravity at 15°............ 0.865 to 0.886 
Optical Rotation................. —2° 0’ to +13° 0’ 
Refractive Index at 20°........... 1.474 to 1.480 
Acid Number............-0..-000- Up to 2.8 
Ester Content, Calculated as Bornyl 
AChtAEs «bee ase dee 1 to 5.6% 
Total Alcohol Content, Calculated 
as Borneol...............000 008 3.9 to 7.38% 
DOlUDUIGY ci hoxecacasdedtetdoavsa Clearly soluble in 7 to 10 vol. 
of 90% alcohol 
Boiling Range (for Tyrolean oils): 
160° (0-165 °c die eceok se tanecsn 36% (mostly about 165°) 
165° 10,170" 2icndé au saeden 24% 
170°? tO118° oie cies tas teas 10% 
175° 16180" echt al Saiacs 6% 
Above 180°...........0 0c eee eee 24% 


Samples of four genuine oils of Pinus sylvestris L. procured by the author 
in Thal-Assling, eastern Tyrol (I), Chienes, southern Tyrol (II), Ocetz 
Valley, northern Tyrol (III), and in Cerknica, Yugoslavia (IV), had the 
following properties: 


I IT III IV 

Specific Gravity at 15°.......... 0.874 0.872 0.876 0.871 
Optical Rotation............... +2° 10’ —0° 30’ +2° 12’ —1° 35’ 
Refractive Index at 20°......... 1.4773 1.4743 1.4772 1.4752 
Ester Content, Calculated as 

Bornyl Acetate............... 3.4% 3.6% 3.7% 3.4% 
Total Alcohol Content, Calculated 

a8 Borneo) eis 4c decades s sews 5.3% 5.8% 5.6% 5.4% 
SolUbU CY oc o<o4 oes Sos ace Seis Soluble in 5 to 6 vol. of 90% alcohol with slight 

turbidity 


2“Die Atherischen Ole,’ 3d Ed., Vol. II, 185. Cf. Bertram and Walbaum, Arch. 
Pharm. 281 (1893), 300. Ber. Schimmel & Co., October (1896), 76; (1928), 55. 
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I IT III IV 
Boiling Range: 
Up 00: 1968 oss Oadianiver aes 15.2% 6.8% 3.0% 1.4% 
155° 16 100" 3c ne indea de wes 14.8% 22.9% 17.0% 2.88% 
160° to 165°... 2.2... ee eee, 25.6% 28.6% 23.0% 37.0% 
165° to: 170° sccsaceseesésesds 8.8% 10.5% 17.5% 19.2% 
110" 00176 sas ereeiea ote bes 6.4% 9.7% 7.5% 11.6% 
175° 10: 180" ic aeideiwes odes 1.7% 4.2% 4.0% 5.6% 
Above 180° (decomposition 
products and residue)....... 27.5% 17.8% 28.0% 22.32% 


As in the case of the essential oils derived from Pinus mugo, Pinus cembra, 
Abies alba and Picea abies, the boiling range of oil of Pinus sylvestris ob- 
served in recent years differs from that reported more than fifty years ago 
(see above, Gildemeister and Hoffmann). The reason for this change is still 
unknown. 

Shipments of Pinus sylvestris oil from the Tyrol examined by Fritzsche 
Brothers, Inc., New York, had properties varying within these limits: 


Specific Gravity at 15°/15°........ 0.865 to 0.872 
Optical Rotation................. +1° 20’ to +4° 25’ 
Refractive Index at 20°........... 1.4738 to 1.4769 
Ester Content, Calculated as Bornyl 
RCCLALG isc ise buen wad Bae 1 to 26% 
Total Alcohol Content, Calculated as 
BomMeol.s 224i Soci ese weeadaes 3.4 to 5.20% 
Solubility........0.... 0.20 eee eee Soluble in 6 vol. of 90% alcohol; 


occasionally slightly turbid in 10 
vol. of 90% alcohol 


As regards oil of Pinus sylvestris from the Baltic States and the U.S.S.R.., 
the following properties have been observed by Schimmel & Co.® on oils 
from Siberia (I), by Maisit* on oils from Latvia (II), and by Muraviev 
and Ssuvorova ® on oils from Siberia (III): 


I II III 

Specific Gravity at 

DB geoeene nese we 0.8658 to 0.8745 0.868 to 0.891 d38 0.861 to 0.881 
Optical Rotation at 

7 | ea eae ae near +0° 50’ to +2°9’ —3° 44’ to +3°15’ —4° 21’ to +8° 18’ 
Refractive Index at 

DOoy oan eae 1.47488 to 1.47622 1.478 to 1.480 siete 
Acid Number....... Up to 0.4 1.08 to 2.70 0.1 to 2.18 


8 Ber. Schimmel & Co. (1929), 54. 
4 Latvijas Univ. Raksti, Chem. Ser. 2 (1935), 401. Chem. Zentr. (1935), II, 3847. 
5 Pharm. und Pharmakol. Russ. (1938), No. 2, 22. Chem. Zentr. (1938), II, 2658. 
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I II III 
Ester Content, Calcu- 
lated as Bornyl 
Acetate. ......... 2.0 to 4.8% 2.70 to 10.2% 2.4 to 10.7% 
Total Alcohol Con- 
tent, Calculated as 
Borneol.......... ... 9.6 to 14.8% 
(Calculated from 
Ester Number 
after Acetylation) 


An oil from Siberia examined by Schimmel & Co.* had this boiling range, 
at 751 mm. pr.: 


Per Cent 
160° to 165°.......... 20 
165° to 170°.......... 34 
170° to 175°. ......... 14 
175° to 180°. ......... 6 
Above 180°........... 26 


The quality of this oil was equal to that of the Tyrolean and German 
oils. 

So far as the oils from Sweden are concerned, Sandermann’” noted that 
the yield of oil was 0.22 per cent in December, 0.25 per cent in April, and 
0.35 per cent in June. An oil distilled in December from young branches 
and adherent leaves had the following properties: 


Specific Gravity at 20°......... 0.8688 
Specific Optical Rotation....... +7° 36’ 
Acid Number................. 0.4 
Ester Number................ 3.3 


Oils of Pinus sylvestris L. distilled experimentally by Umney * in Great 
Britain exhibited pronounced laevorotation (—7° 45’ to —19° 0’) and had 
an ester content, calculated as borny] acetate, ranging from 2.9 to 3.5 per 
cent. The oils contained laevorotatory «-pinene. 

Chemical Composition.—Space does not permit discussing the numerous 
investigations carried out during the past half century on oils of Pinus 
sylvestris L. from different geographical sources. Bertram and Walbaum,? 
Tréger and Beutin,?° and Schimmel & Co.'! examined oils from Germany 
6 Ber. Schimmel & Co. (1929), 54. 

7? Seifensieder-Ztg. 66 (1939), 803, 833, 863; 67 (1940), 15, 45. 
8 Pharm. J. 55 (1895), 161, 542. 
9 Arch. Pharm. 281 (1893), 300. 


10 Ibid. 242 (1904), 521. 
11 Ber. Schimmel & Co., October (1896), 76; April (1910), 61; (1928), 55. 
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and the Tyrol; Umney ” oils from Great Britain; Schindelmeiser,'’* Pigu- 
levski,’* Pigulevski and Riskina,'® and Maisit?* oils from Russia and from 
the Baltic States; Ekecrantz,’”’ and Sandermann ** oils from Sweden. 

Early researchers reported that oil of Pinus sylvestris L. contains sylves- 
trene as a natural constituent. More recently, however, it was shown that 
this terpene is not a natural component of the oil, but an artifact formed 
from A®-carene when the oil is treated with hydrochloric acid in order to 
isolate this terpene. By the action of hydrochloric acid A®’-carene and 
A‘-carene are converted into a mixture of sylvestrene hydrochloride and 
dipentene hydrochloride. 

Oils from the Tyrol,.Germany, Sweden, the Baltic States and the 
U.S.S.R. appear to contain «-pinene in dextrorotatory form, or as a mixture 
of d- and l-a-pinenes in which the former largely predominates. The oils 
from Great Britain, on the other hand, contain this terpene chiefly in 
laevorotatory form. Sandermann, who in 1939 undertook a thorough inves- 
tigation of a Swedish oil, found that its content of terpenes by far exceeded 
60 per cent. 

Summarizing the findings of the above-named workers, it can be stated 
that the volatile oil derived from the branches and adherent leaves of Pinus 
sylvestris L. contains the following compounds: 


a-Pinene. Mostly in dextrorotatory, but also in laevorotatory form. English oils 
contain /-a-pinene. 


B-Pinene. Identified by Sandermann in a Swedish oil. 


d- and [-Limonene. Schindelmeiser found that a Russian oil contained limonene in 
laevorotatory form, aside from some d-limonene. 


Dipentene(?). Presence possible according to several authors. 


A®-Carene (Sylvestrene). The sylvestrene reported years ago as a constituent of the 
oil originates on treatment of the oil with hydrochloric acid (see above). Sylves- 
trene gives a deep blue color with acetic anhydride and sulfuric acid, whereas the 
corresponding fraction of the untreated oil does not give this reaction (see Vol. II 
of the present work, pp. 32 and 49). 


Camphene. First identified by Pigulevski in a Russian oil; later confirmed by Maisit 
in an oil from Latvia. 


a- and B-Phellandrene. Reported by Sandermann in a Swedish oil. 


12 Pharm. J. 65 (1895), 161, 542. 

18 Sttzb. Naturforsch. Ges. Univ. Jurjew (Dorpat) 18, 2 (1903), 315. Ber. Schimmel & 
Co. (1922), 30. 

14 J, Russ. Phys. Chem. Soc. 81 (1919), 66. 

15 Ibid. 60 (1928), 1069. 

16 Latvijas Univ. Raksit, Chem. Ser. 2 (1935), 401. Chem. Zentr. (1935), IT, 3847. 

17 Medd. Vetenskapsakad. Nobelinst. 6 (1919), 1. Chem. Zentr. (1919), III, 380. 

18 Sesfensieder-Ztg. 66 (1939), 803, 833, 863; 67 (1940), 15, 45. 
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Caproaldehyde(?). Presence possible (Sandermann). 

Cuminaldehyde. Identified by Sandermann. 

Anisaldehyde. Also reported by Sandermann. 


Cryptone (4-Isopropyl-2-cyclohexen-l-one). Identified by Sandermann (cf. Vol. II 
of this work, p. 388). 


dl-Borneol. Observed by Schindelmeiser in a Russian oil. 
Primary and Secondary Alcohols(?). Noted by Sandermann in a Swedish oil. 


Tertiary Terpene Alcohols(?). Also observed by Sandermann. One of these alcohols 
is probably terpineol (Bertram and Walbaum). 


Bornyl Acetate. Identified by several workers. 

l-Cadinene. Presence in the oil reported by several authors. 

Tertiary Sesquiterpene Alcohols(?). Noted by Sandermann in a Swedish oil. 
Phenols(?). Reported by the same author. 


A Fatty Acid. Sandermann found that the Swedish oil contains a fatty acid Ci3H¢s- 
COOH, m. 56°-60°. 


The sesquiterpene fraction of the Swedish oil investigated by Sandermann con- 
tained a high percentage of a tricyclic sesquiterpene which gave a good yield of cadinene 
dihydrochloride. Dehydration of the sesquiterpene fraction with palladium-charcoal 
yielded a compound from which azulene could be isolated. 


Use.—Like other pine needle oils, oil of Prunus sylvestris L. is used as an 
adjunct in the scenting of soaps, in bath preparations, room sprays, in- 
halants, deodorants, and similar products. 


B. Turpentine Oil 


Distilling the turpentine derived from German Pinus sylvestris L., Wien- 
haus and Sandermann ?® obtained a volatile oil in which they noted the 
presence of a-pinene, B-pinene (small quantities), A®-carene (large quanti- 
ties), camphene (small quantities), dipentene (large quantities), cadinene, 
and primary, secondary and chiefly tertiary sesquiterpene alcohols. 

Recently Bardyshev ”° identified B-myrcene in the turpentine from Pinus 
sylvestris. 

19 Dissertation Wilhelm Sandermann, “Chem. Untersuchung des Deutschen Kiefernter- 


pentins,” Leipzig (1936). Ber. Schimmel & Co. (1937), 82. 
20 Doklady Akad. Nauk S.SS8.R. 71 (1950), 673. Chem. Abstracts 44 (1950), 8315. 
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C. Root Oil 


In an oil obtained by steam distillation of the roots and stumps of Pinus 
sylvestris L., Semmler and von Schiller *4 observed the presence of a- and 
B-pinene, d-A®-carene, d-A‘-carene, and a-terpinene. 

An oil of identical origin examined by Schimmel & Co.”* contained fur- 
fural, a- and B-pinene (35 to 40 per cent), A®-carene (40 to 50 per cent), 
and probably terpineol and terpinenol (a few per cent only). 


OIL OF PINUS CEMBRA lL. 


A. Leaf (Needle) Ow 


Pinus cembra L. (fam. Pinaceae), the so-called “Swiss Stone Pine,” grows 
in the Alps at the same altitude as Pinus mugo Turra, the “Dwarf Pine,” 
and is often interspersed with the latter. Patches consisting exclusively 
of Pinus cembra are rare. The young branches and adherent leaves? con- 
tain an essential oil, small quantities of which are occasionally produced in 
the Tyrol. Distillation material is available only in summer when the 
forests are thinned out. Trimming of the small trees and collection of the 
branches go hand in hand with those of the “Dwarf Pine.” Production of 
oil has been irregular, ranging from 100 to 1,000 kg. per year. Prior to 
distillation the branches should be reduced to small pieces. The yield of 
oil is high, amounting to about 1 per cent and even more. 

Physicochemical Properties.—Oil of Pinus cembra L. is an almost color- 
less liquid with an odor similar to, but finer than, that of dwarf pine oil, 
Pinus mugo Turra. 

Ten oils from various parts of the Tyrol examined by Schimmel & Co.? 
(I), and one genuine oil procured by the author in southern Tyrol (II) had 
these properties: 

21 Ber. 60 (1927), 1591. This type of oil had already been investigated in 1918 by 
Schimmel & Co., but the results were not published until 1928. Cf. Ber. Schimmel & 
Co. (1928), 100. 

33 Ber. Schimmel & Co. (1928), 100. 

1 Among all the European species of Pinus, Pinus cembra is the only one containing 


five needles (leaves) to each cluster. 
2 Gildemeister and Hoffmann, “Die Atherischen Ole,” 3d Ed., Vol. II, 199. 
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I Il 
Specific Gravity at 15°.............0... 0.8616 to 0.8684 0.876 
Optical Rotation...................... —11° 38’ to —15° 12’ —10° 30’ 
Refractive Index at 20°................ 1.475 to 1.478 1.4754 
Acid Number............00. cece eves 0 0 
Ester Number............... 0.000005 3.7 to 11.2 18.5 
Ester Content, Calculated as Bornyl Ace- 
CALE coon dein euch see tes Pee eds 1.3 to 3.9% 6.5% 
Ester Number after Acetylation (One De- 
termination Only)................... 13.1 27.1 
Total Alcohol Content, Calculated as Bor- 
neol (One Determination)............ 3.6% 7.5% 
Solubility in 90% Alcohol.............. Soluble in 5 to 7 vol. Soluble in 
and more, occasion- 9 vol., with 
ally with slight tur- turbidity 
bidity 


In this connection it should be mentioned that oils of Pinus cembra dis- 
tilled in Siberia and described in literature * have exhibited dextrorotation, 
whereas the Tyrolean oils are laevorotatory. The explanation is that in 
the Tyrol needles and twigs are used for distillation, while the Siberian oils 
were distilled exclusively from needles. 

Chemical Composition.—Nothing is known about the chemical composi- 
tion of the Tyrolean oil, but it may be assumed that it resembles that of 
the Siberian oil. In the latter, Flawitzky,‘ and Pigulevski,® reported the 
presence of d-a-pinene and l-cadinene. 

Use.—As was mentioned above, the odor of the oil derived from the 
terminal branches of Pinus cembra L. is somewhat finer, sweeter and more 
pleasing than that of Pinus mugo Turra. The physicochemical properties 
of the two oils are similar. Oil of Pinus cembra being usually lower priced 
than oil of Pinus mugo, the former is occasionally used as an admixture to 
the latter. 


B. Cone Ou 


Schimmel & Co.* examined an oil distilled in the Tyrol from the cones of 
Pinus cembra L. and reported these properties: 


Specific Gravity at 15°...... 0.8680 
Optical Rotation. .......... —31° 35’ 


8 Flawitzky, J. prakt. Chem. [2], 46 (1892), 115. Pigulevski et al. J. Russ. Phys. 
Chem. Soc. 84 (1922), 259; 55 (1923), 171. 

4J. prakt. Chem. [2], 45 (1892), 115. 

5 J. Russ. Phys. Chem. Soc. 64 (1922), 259. 

¢ Ber. Schimmel & Co. (1932), 74. 
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Refractive Index at 20°..... 1.47141 
Acid Number.............. 0 
Ester Number............. 9.3 
Solubility..............2006 Soluble in 6.5 vol. and more of 
90% alcohol 

Boiling Range at 768 mm.: 

161° to 165°. ............ 50% of the oil 

165° 10: 170" saccades 0 

170° to 180°............. 12% 

180° to 190°............. 4% 

Above 190°.............. 12% 


The oil had a pleasant, balsamic odor which, however, was quite different 
from that of the oil derived from the cones of Abies alba. The aroma of 
the oil was inferior to that of the oil distilled from the terminal branches and 
adherent leaves of Pinus cembra. 


C. Turpentine Oil 


According to Mirov, Wang, and Haagen-Smit,’ the oleoresin of Pinus 
cembra L. consists of 78.6 per cent of rosin and 21.4 per cent of turpentine. 
The latter contains 85 per cent of d-a-pinene and 9 per cent of I-8-pinene. 


AMERICAN TURPENTINES 
by 
Leo A. GoLpBLATT, PH.D. 
Naval Stores Research Division 
Bureau of Agricultural and Industrial Chemistry 


United States Department of Agriculture 
Olustee, Florida 


AMERICAN Oru OF TURPENTINE—GUM SPIRITS OF TURPENTINE 


Introduction.—Turpentine is the essential oil produced in the largest 
volume, current annual world production approximating, and probably ex- 
ceeding, a million barrels of 50 gallons each, or more than 350 million 
pounds. In 1938-39 world production amounted to 1,270,000 fifty-gallon 


tJ. Am. Pharm. Assocn. 88 (1949), 404. 
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barrels.1 The United States is now, as it has been for over a century, the 
chief source. Its proportion of the world production during the present 
century has varied from a high of about 80 per cent in 1908-09 to about 
50 per cent in 1949-50. Some turpentine is produced on the American con- 
tinent outside the United States, chiefly in Mexico.? Production in Mexico 
during the period 1940 to 1948 averaged 34,620 barrels annually.® At vari- 
ous times turpentine has been produced, usually for local consumption, in 
Honduras and in the West Indies, notably Santo Domingo,‘ but such 
production is negligible in amount. 

The U. S. Federal Naval Stores Act enacted in 1923 recognizes four dif- 
ferent kinds of turpentine, and classifies them according to methods of 
production. The four different turpentines may be described as follows: 


1. Gum spirits of turpentine.—The designation “gum spirits of turpen- 
tine” shall refer to the kind of spirits of turpentine obtained by distilla- 
tion of the oleoresin (gum) from living trees, and commonly known prior 
to the passage of the act as gum spirits, gum turpentine, spirits of turpen- 
tine, or oil of turpentine. 

2. Steam-distilled wood turpentine—The designation ‘“steam-distilled 
wood turpentine” shall refer to the kind of spirits of turpentine obtained by 
steam distillation from the oleoresinous component of wood whether in the 
presence of the wood or after extraction from the wood, and commonly 
known prior to the passage of the act as wood turpentine, steam-distilled 
turpentine, steam-distilled wood turpentine, or S.D. wood turpentine. 

3. Destructively distilled wood turpentine-——The designation “destruc- 
tively distilled wood turpentine” shall refer to the kind of spirits of turpen- 
tine prepared from the distillate obtained in the destructive distillation 
(carbonization) of wood, and commonly known prior to the passage of the 
act as destructively distilled wood turpentine or D.D. wood turpentine. 

4. Sulfate wood turpentine.—The designation “sulfate wood turpentine” 
shall refer to the kind of spirits of turpentine prepared from the condensates 
that are recovered in the sulfate process of cooking wood pulp, and com- 
monly known as sulfate turpentine or sulfate wood turpentine. 


In addition, a fifth kind of turpentine, which is not officially recognized, 
the so-called “sulfite turpentine,” is obtained as a by-product from the 


1 Hallauer, Progress Report of the Forest Survey, U. 8S. Dept. Agr., June (1941), 3. 

2U.S. Dept. Agr., Misc. Pub. No. 209, January (1935), 165. 

“Naval Stores Review 1949 International Yearbook,” H. L. Peace Publications, New 
Orleans, La. (1949), 27. 

4U. 8. Dept. Agr., Misc. Pub. No. 209, January (1935), 165. 

5U.S. Dept. Agr., Misc. Ctrc. No. 22, March (1924), also Suppl. 5 (1929) to the same. 
U. S. Dept. Agr., Misc. Pub. No. 476, January (1942), 2. 
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manufacture of wood pulp by the sulfite process. This variety differs 
materially from the others in composition. 

American gum spirits of turpentine are described in this section; the 
so-called “wood turpentine” will be treated subsequently. 


Production of Turpentine in the United States 


The annual production of gum spirits of turpentine in the United States 
in the present century up to 1950 is given in Table 20.1. Production has 
varied widely; from an all-time high of 750,000 barrels in the 1908-09 
season it sank to a low of 340,000 barrels in 1918-19. It then increased 


Tas_e 20.1. U. 8. Propucrion or Gum Sprreirs or TURPENTIND, IN BARRELS OF 


50 GaLuons Eacu, BY Crop Years (APPROXIMATE) * 





1900-01.......... 620,000 || 1926-27.......... 510,000 
1901-02.......... 600,000 || 1927-28.......... 650 ,000 
1902-08.......... 581,000 || 1928-29.......... 560,000 
1903-04.......... 545,000 || 1929-30.......... 625,000 
1904-05.......... 600,000 || 1930-31.......... 600 , 000 
1905-06.......... 590,000 || 1931-82.......... 500 , 000 
1906-07.......... 588,000 || 1932-83.......... 450,000 
1907-08.......... 685,000 || 1933-34.......... 490 ,000 
1908-09.......... 750,000 || 1934-35.......... 500 ,000 
1909-10.......... 600,000 || 1935-36.......... 497 ,000 
1910-11.......... 615,000 || 1936-87.......... 483 ,000 
1911-12.......... 660,000 || 1987-88.......... 518,000 
1912-18.......... 715,000 || 1938-89.......... 534,000 
1913-14.......... 675,000 || 1939-40.......... 383,000 
1914-15.......... 560,000 || 1940-41.......... 344,000 
1915-16.......... 530,000 || 1941-42.......... 285 ,000 
1916-17.......... 610,000 || 1942-43.......... 322,000 
1917-18.......... 520,000 || 1943-44.......... 288 , 000 
1918-19.......... 340,000 || 1944-45.......... 245,000 
1919-20.......... 400,000 || 1945-46.......... 244, 
1920-21.......... 525,000 || 1946-47.......... 270 ,000 
1921-22.......... 500,000 || 1947-48.......... 294 ,000 
1922-23.......... 520,000 || 1948-49.......... 324,000 
1923-24.......... 565,000 |] 1949-50.......... 323,000 
1924-25.......... 530,000 || 1950-51.......... 272,000 
1925-26.......... 480 ,000 


* Data for 1900 to 1930 from ‘“‘Gamble’s International Naval Stores Yearbook” (1930— 
31), 69; for 1931 to 1939 from ‘‘Gamble’s International Naval Stores Yearbook” (1939-40), 
75; for 1940 to 1949 from Agricultural Statistics, U. 8. Dept. Agr. (1949), 746; for 1949-51 
from 1950-1961 Annual Naval Stores Report, U. S. Dept. Agr., Bur. Agr. Econ., May (1951), 
3. 
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again to a high of 650,000 barrels in 1927-28, only to decline to a new low 
of 244,000 barrels in 1945-46. Recovery of production has been slow. Only 
272,000 barrels were prepared in 1950-51. The average yearly production 
for the entire fifty-one years was 498,000 barrels; for the past ten years, 
287,000 barrels. 

History and Producing Regions.—American gum spirits of turpentine 
is obtained almost exclusively by the distillation of the oleoresin obtained 
from two species of pine, Pinus palustris Miller (longleaf pine), and Pinus 
caribaea Morelet (slash pine). In Central America and the West Indies 
the species is known as Caribbean pitch pine (Pinus caribaea Morelet), but 
botanically is held to be identical with the slash pine of the United States." 
In Mexico the Mexican white pine (Pinus ayacahwite) is used.* In the 
United States certain other pines have been turpentined commercially at 
various times. During the Civil War, when the supply of naval stores from 
the south was cut off, an attempt was made to supply the northern states 
from the ponderosa pines of the Sierra Nevada Range of California. The 
industry remained active for a few years but declined rapidly when the 
southern product again became available.® Also, the western Jeffrey pine 
and Digger pine were used in the latter part of the nineteenth century as a 
source of turpentine, which was used locally, chiefly as a cleaning agent.’° 
Interest in this turpentine, which consists chiefly of n-heptane, was revived 
in the 1920’s, when a demand arose for this compound, useful as a standard 
reference fuel for the measurement of detonation in internal combustion 
engines.1? This type of turpentine is not produced commercially today. 

When longleaf or slash pines are wounded, a gummy fluid (not the sap 
of the tree) exudes freely. This fluid, or oleoresin, is the raw material for 
the gum naval stores industry—one of the oldest American industries. There 
are reports that turpentine was obtained from Nova Scotia pines as early 
as 1606, and that plans were made for the production of turpentine in 
the Virginia Colony as early as 1610.17 However, in former times the 
oleoresin itself was commonly referred to as “turpentine,” and the raw 
oleoresin was shipped abroad for distillation.1* Very little distilled spirits 
were produced in the United States before the nineteenth century.** Much 
tar and pitch were produced in Colonial days, at first in the New England 

6 Snow, Economic Botany 8 (1949), 377. 

7U. S. Dept. Agr., Misc. Pub. No. 209, January (1935), 166. 

8 Veitch and Grotlisch, U. S. Dept. Agr., Bull. No. 898, November (1920), 2. 
°9U.S. Dept. Agr. Misc. Pub. No. 209, January (1935), 20. 

10 Kremers, Pharm. Rev. 18 (1900), 166. 

11U, 8. Dept. Agr., Misc. Pub. No. 209, January (1935), 21. 


12 T,. Gamble, “Naval Stores,” Savannah (1921), 17. 
18 Schorger and Betts, U. S. Dept. Agr., Bull. No. 229, July (1915), 3. 
14 Ibid. 


Google 


o 


AMERICAN TURPENTINES 257 


States along the Connecticut River, and later in the Carolinas.*> The term 
“Naval Stores” is a survival from the days when the tar and pitch ob- 
tained from the crude oleoresin were used in quantity in the construction 
and repair of wooden ships and the preservation of the mgging. Today, 
where wooden sailing ships have given way to steel steamers, the term 
“Naval Stores” continues to cling to one group of products—turpentine 
and rosin—or more broadly, to the resinous, tarry, and oily products of the 
pine.?* 

The virgin pine forests of New England were soon exhausted, but in the 
immense forests of North Carolina, where the naval stores industry first 
became established about 1710 or 1715, the industry developed very rap- 
idly.17 However, little turpentining, as practiced today, was done before 
1820. About that time, the distillation of the oleoresin to produce spirits 
of turpentine was begun in North Carolina, and the industry spread through 
the belt of virgin longleaf pine following the new frontiers to the south and 
thence westward along the Atlantic Coastal Plain and the Gulf Coast 
through South Carolina, Georgia, Florida, Alabama, Mississippi, Louisiana, 
and into eastern Texas. Then, as the original stands of timber were de- 
pleted, the center of production swung back to the extensive second growth 
stands which had meanwhile grown up, principally in southern Georgia and 
northern Florida. This movement of the industry to the southwest and 
back again is illustrated in Table 20.2. The peak of the turpentine and 
rosin production from pine gum in Texas occurred between 1908 and 1922 
with the greatest annual yield in 1919,1* when the production of gum 
turpentine amounted to 18,129 barrels. After 1931 production of gum 
turpentine in Texas became negligible, and at present none is being pro- 
duced in that state. The industry is now largely centered near the Georgia- 
Florida border, as this area provides the best conditions for regrowth of the 
heavily exploited forests and optimum climatic conditions reduce the haz- 
ards of fluctuations in gum flow from year to year. At the northern, south- 
ern, and western extremes of the range of the turpentine pines, the climatic 
and soil conditions, which were only marginal for the virgin timber, are 
probably submarginal for regrowth.’® 

Reforestation.—Virgin forests of longleaf pine have been practically 
exhausted. One of the last remaining stands of virgin timber was tur- 
pentined in Louisiana in 1945.2° The second growth stands produced by 
18 Romaine, Chemical Industries 45 (1939), 259. 
1¢U. 8. Dept. Agr., Misc. Pub. No. 476, January (1942), 1. 

17 Romaine, Chemical Industries 45 (1939), 260. 
18 Naval Stores Rev. 41, No. 12, June 20 (1931), 13. 


19 Ostrom, Chemurgic Digest 4, July 15 (1945), 219. 
20 J, Am. Turpentine Farmers Assocn. 7, August (1945), 9. 
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TaBLE 20.2. ApprRoxIMATE PERCENTAGE OF TURPENTINE PRODUCTION BY STATES * 


Year ats aro- | 8. Caro- Georgia Florida | Alabama Miss.-La. 
ina lina and Texas 
1850-51.......... 87.3 8.3 1.9 1.1 0.6 0.8 
1880-81.......... 29.9 32.2 24.8 5.0 6.4 1.7 
1890-91.......... 21.1 18.9 §2.5 2.4 1.4 3.7 
1900-O01.......... 5.2 3.9 39.8 31.8 10.0 9.3 
1909-10.......... 4.34 27.8 47.6 9.8 10.5 
1914-15.......... 1.4°¢ 23.1 45.8 10.1 19.6 
1919-20.......... 0.52% 20.2 37.4 10.4 31.5 
1924-25.......... 7° 38.7 35.1 7.0 17.6 
1929-30.......... 4.2° 50.4 31.4 6.4 yey f 
1934-35.. 3.8° 56.6 27.0 8.7 3.9 
1939-40.......... 23° 59.4 27.0 7.5 3.8 
194445.......... 0.94 68.3 23.5 5.7 1.6 
1949-50.......... 74.9 18.3 6.1 0.7° 
1950-51.......... 76.3 17.3 6.0 0.45 


* Data for 1850 to 1930 from ‘‘Gamble’s Internationa] Naval Stores Yearbook’’ (1930-31), 
65; for 1934 to 1945 from “Naval Stores Review 1948 International Yearbook,” H. L. Peace 
Publications, New Orleans, La. (1948), 37; for 1949-51 from 1960-1951 Annual Naval 
Stores Report, U. S. Dept. Agr., Bur. Agr. Econ., May (1951), 3. 

* Includes N. Carolina. 

’ Includes N. and S. Carolina. 


spontaneous reseeding in southern Georgia and northern Florida, now the 
chief source of pine used for turpentining, are chiefly slash pine. With 
increasing recognition of the need for more conservative forest practices 
there has come increasing interest in reforestation and orcharding, and 
improved forest management aimed at providing the maximum income per 
acre from gum and wood products combined. Systematic plantings were 
begun in the 1920’s, at first using seedlings lifted from ponds or other low 
areas where they had come up spontaneously in abundant amounts.** Later 
nursery seedlings grown from pine cone seed, and supplied by State Agricul- 
tural Experiment Stations, were used extensively. Most pine species are 
difficult to propagate vegetatively, cuttings of hard or yellow pines being 
particularly hard to root.22 The scope of such reforestation has grown 
tremendously in recent years. In 1949-50 more than 44 million seedlings 
were planted in Georgia and more than 26 million in Florida. The seedlings 


21 Shirley, Georgia Agr. Extension Service, Bull. No. 5382 (1947), 36. 
22 Snow, Economic Botany 3 (1949), 388. 
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are mostly slash pine; e.g., in Florida 26,449,106 were slash and only 226,250 
longleaf; in Georgia 37,464,750 were slash and only 392,475 longleaf.?* 

Slash pine seedlings are generally recommended, since slash is not only 
a better producer of oleoresin but also comes into production earlier than 
does longleaf; moreover it enjoys a better survival ratio, and a much more 
rapid rate of growth. Seedlings commonly cost about $2.50 per thousand. 
It is estimated that machine planting costs about $10.00 per acre and hand 
planting $12.00 to $15.00 per acre.** 

It would lead beyond the scope of this chapter to discuss comprehensively 
the methods used to propagate, plant, and cultivate pine trees. Details will 
be found in numerous State and Federal publications.2>*° The two species 
turpentined commercially may be characterized briefly as follows: 


Pinus palustris Miller, the longleaf pine, is also known as southern yellow 
pine, Georgia pine, hard pine, hill pine, heart pine, and longstraw pine. 
The original virgin pine forests from the Carolinas to Texas comprised 
largely longleaf pine (Pinus palustris), and formerly commercial gum tur- 
pentine consisted very largely of the turpentine obtained from the oleoresin 
of this species. Although large numbers of longleaf pines are still turpen- 
tined, this species no longer holds its pre-eminent position. 

Longleaf pine grows over a wide area, extending slong the coastal region 
from southeastern Virginia to southern Florida and westward to eastern 
Texas; to northwestern Georgia, northward to Alabama to the northern part 
of the state, central Mississippi and western Louisiana. Longleaf pine tends 
to grow in pure stands, accommodating itself to a wide variety of sites, 
such as very poor, dry, deep sandy soils or moist poorly drained soils. It 
can also grow on soil with relatively impenetrable clay only 2 or 3 ft. 
below the surface. The tree grows best in deep soils underlaid by clay. 
Its tendency to grow on sandy ridges has earned it the name, hill pine. The 
tree withstands ordinary fires with relatively small injury. During its 
early years longleaf pine may grow much more slowly than other common 
southern species, but it tends to maintain a good rate of growth for many 
years. 

28 Private communication from Mr. L. C. Hart, Jr., Georgia Forestry Commission, and 

Mr. C. H. Coulter, State Forester, Florida (1950). 

24 J. Am. Turpentine Farmers Assocn. 11, July (1949), 12. 

25 Merrill, Georgia Forest Service, Bull. No. 9 (1929). 

26 Sebring and Thurmond, tbid., Bull. No. 16 (1931). 

27 Shirley, Georgia Agr. Extenston Service, Bull. No. 532 (1947). 
28 Coulter, Florida Forest Service, Bull. No. 8 (1931). 


29 Wakeley, U. S. Dept. Agr., Leaflet No. 32 (1929). 
80 Downs, Forest Farmer 7, May (1948), 26. 
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Longleaf pine is characterized by its very long needles, which vary from 
8 to 18 in. in length and always occur in bundles of 3. The conspicuous 
large silvery white buds, and characteristic whitish “candles” that develop 
from them in the process of new leaf formation, offer an easy means of 
identifying longleaf pine, especially in the winter and spring. The large 
size of the cones (6 to 12 in. long and 2 to 3 in. in diameter) also readily 
distinguishes longleaf from other southern pines. Trees commonly bear 
from 25 to 50 cones. The seeds are large and heavy and a single cone may 
contain 50 good seeds. A bushel of cones will yield about one pound of 
unwinnowed seed. The bark is about one-half inch thick, of orange-brown 
color, and in mature trees is characterized by broad, smooth scales. 


Pinus caribaea Morelet, the slash pine, is also known as yellow slash, 
swamp pine, hill slash, and Cuban pine. Extensive pure stands of virgin 
slash pine were rare, except in the lower peninsula and on the Gulf Coast 
of Florida. In the virgin forest it appears to have been relatively less 
abundant in proportion to longleaf pine than it is in the young growth 
and planted stands today. Slash pine may grow in pure stands or mixed 
with longleaf or other species. Slash pine grows in the coastal region from 
South Carolina to southern Florida; westward in the coastal region of the 
Gulf States to Louisiana. It also occurs in the two Honduran states, eastern 
Guatemala, Nicaragua, Bahamas, Cuba, and Isle of Pines. The tree grows 
naturally in the moister situations along swamps and ponds, and will tol- 
erate a highly acid condition in the surface soil. It is very sensitive to fire, 
especially during its early years; and very young slash pines require abso- 
lute fire protection if they are to survive. Slash pine is one of the most 
rapidly growing forest trees in the United States. Growth is particularly 
rapid during its early life. 

Slash pine has needles from 6 to 12 in. in length, averaging about 9 in. 
long and 4g in. thick. The needles are intermediate in size between those 
of longleaf and loblolly pine and are a dark glossy green, darker than 
either longleaf or loblolly. There are usually two but sometimes three 
leaves, especially in vigorous trees, in a bundle, or fascicle. Buds are 
smaller than those of longleaf pines. The color of the winter buds is a 
dark cinnamon brown, often purplish. In the early spring they open to form 
brownish “candles” which are about % in. in diameter. The closed cones, 
or burrs, average 3 to 5 in. in length and about 1 to 2 in. in diameter. They 
are egg-shaped and rich chocolate-brown in color. The bark of the slash 
pine is irregularly divided into thin, dark red-brown scales. Young trees 
have a thick, deeply furrowed bark. The orange-colored or sometimes 
silvery bark plates of mature trees are characteristic of slash pine and 
facilitate its identification. 
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Turpentine Orchards.—It is well known in the gum naval stores indus- 
try that some trees produce far more oleoresin (and some considerably less) 
than do other trees growing under identical conditions. Careful evaluation 
of the productive capacity of certain trees in comparison with others in the 
same stand with similar environment has shown that they do in fact regu- 
larly produce more than twice as much oleoresin as their companion trees, 
which were worked as closely alike as possible.* No single or combined 
external characteristics or environmental factors which might operate, or 
be used to distinguish between these superior trees, have yet been found.** 

While yield may be greatly increased through the selection and propaga- 
tion of the best individuals which occur naturally, further increase in yield 
through controlled breeding may be feasible, and experiments along this 
line are now under way by the Forest Service of the U. S. Department of 
Agriculture.** Development of turpentine orchards similar to plantations 
of the natural rubber industry has been envisioned. Such turpentine or- 
chards would have up to 250 workable trees to the acre, instead of the 
25-tree average now being worked. Using “pedigreed” stock of a high- 
yielding strain, producing twice the average amount of gum per year, the 
annual per-acre yield would theoretically be about 4,000 lb. instead of the 
present 200 lb. Although not now a reality, these potentialities do exist 
and active research in the naval stores industry is pointing the way.***5 


Methods of Obtaining Pine Oleoresin 


The early methods of obtaining oleoresins from pines are well exempli- 
fied by the following quotation from the “Instructions for suche things as 
are to be sente from Virginia” ** issued in 1610: 


“Pyne trees, or ffirre trees, are to be wounded within a yarde of the grounde, 
or boare a hoal with an agar the third pte into the tree, and lett yt runne into 
anye thinge that may receyve the same, and that wch yssues owte wilbe Turpen- 
tyne worth 18£ Tonne. When the tree beginneth to runne softelye yt is to be 
stopped up agayne for preserveinge the tree.” 

Boxing.—The early colonists were more prodigal and more destructive 
of the apparently inexhaustible virgin forest than these relatively conserva- 
tive directions prescribed. A method which was extensively used for over 
two centuries, and which at the time seemed well suited to the stands of 
31 Dorman, Chemurgic Digest 4, September 29 (1945), 296. 

32 Snow, Economic Botany 8 (1949), 388. 
88 Downs, Southern Lumberman 179, December (1949), 233. 
34 Ibid 
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large virgin timber, was to cut a hole or box in the base of the tree to 
receive the flow of gum which resulted from repeated chipping or wound- 
ing.*7 Two to five boxes, individual boxes up to 16 in. in width, were cut 
in each tree and there were 200 to 250 boxes per acre. The wounding was 
called chopping and at first extended only to a height of 5 or 6 ft. but later, 
when the original longleaf pine began to disappear, it was not unusual to 
see trees wounded to a height of 12 or 15 ft. 

The Cup System.—The boxing system was patently destructive and 
wasteful both of forests and of oleoresin. The obvious need was for a 
receptacle which could be fastened to the tree. Sporadic attempts were 
made during the latter part of the nineteenth century to install various cup 
systems. The extensive experiments of Dr. Charles H. Herty of the U. S. 
Forest Service in 1901 and 1902 resulted in the publication of his “A New 
Method for Turpentine Orcharding,” ** and under his aggressive leadership 
the first extensive use of the cup system was made by the industry in 1904.*° 
In the cup system, as it is universally used today, the oleoresin flowing from 
the wound is guided by one or two pieces of sheet metal called “tins” into 
the collecting receptacle or cup. The cups may be made of clay or glass 
and are commonly conical in shape, with a round bottom (somewhat like 
a flower pot); or they may be made of metal, such as galvanized iron or 
aluminum, in which case they are generally flat-bottomed and oblong like 
a long, narrow pan, and flared so that they can be nested for shipping and 
handling. The capacity of most cups is about 3 pt., although recently 
there has been a tendency to increase the size of the cup to about 5 pt. 
More than 32 million new cups have been sold in a single season (1927-28), 
giving an idea of the magnitude of the industry.* 

The present approved and generally used working practice for obtaining 
pine oleoresin may be outlined as follows: trees that are to be worked are 
selected in advance and marked, bearing in mind the future use of the tree 
so as best to utilize the forest resources. Trees smaller than 9 or 10 in. in 
diameter, 41% ft. from the ground, are not worked (unless they are to be 
culled). The trees are prepared by smoothing off the rough outside bark 
where the “face” (the working surface) is to be made for a distance of 15 
to 18 in. from the ground level. For this a broad axe is commonly used. 
After the tree has been faced, the next step is to fasten the “tins” (metal 
gutters or aprons) to the tree, to guide the flow of oleoresin into the re- 
ceiver. The tins are installed either in broad axe incisions, without nails 
or tacks or, when installed higher up the tree, by tacking them on the sur- 
87 Ostrom, Chemurgic Digest 4, July 15 (1945), 219. 

88 U. S. Dept. Agr. Bur. Forestry Bull. No. 40 (1903). 
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face of the smoothed face. To perform this gutter installation an axeman 
holds his broadaxe level at the side of the face, leaving only enough dis- 
tance above the ground for the cup to be seated under the apron. A maul 
is used by the maulman to strike the axe so that it will penetrate the tree 
to a depth of 1% im. or less. The apron, a flat rectangular strip of metal 
about 21% in. wide, 8 to 12 in. long, is slipped off the axe blade into the 
incision as the axe handle is tapped with the hand and the axe withdrawn 
from the tree. The gutter, a flat metal strip, crimped V-shaped lengthwise 
along the center, is installed in a similar fashion. For this the axe is held 
above the apron at an angle of about 20 degrees with provision for an over- 
lap of about 2 in. over the apron. The width of the face should be some- 
what less than the diameter of the tree at breast height. Thus a tree 10 in. 
in diameter would have a face 9 in. wide, but in general, faces should not 
be more than 12 in. wide, irrespective of the size of the tree, and never more 
than % its circumference. The width of the face determines the length 
of the apron and gutter. For average sized faces, a 6-in. apron and an 
8-in. gutter are used. A flat bottomed, box-shaped cup is pulled up under 
the apron and held in place by use of a 20-penny nail. The corners of the 
apron are turned upward and the outer edge pressed downward to guide 
the flow of the gum into the cup. Other systems are also used to hang 
cups—such as two aprons or two gutters, depending upon the size of the 
tree and shape of the cup.‘ * 

Cups should be hung during December to February, the dormant season. 
An advance streak, or “lead streak,” is made at that time. It is generally 
believed that this procedure gives higher yields than if the first streak is 
cut in March or April, when the regular weekly chipping begins. 

Chipping.—After the trees have been selected, the cups hung, and the 
lead streak cut, the crop is ready for regular working. This consists in 
periodic chipping with a hack during early years, and with a puller when 
the faces are 3 to 4 ft. high above the ground. The hack has a U-shaped 
cutting edge which is held on its side so that the bottom of the U removes 
a semi-cylindrical chip of wood when drawn across the grain of the tree. 
A weighted short handle provides a counter balance and momentum to keep 
the blade moving through the wood. A puller has a similar type of blade 
mounted on a long handle or pole and is used for chipping high faces out 
of reach of the hack. The chipper cuts through some of the inner bark 
of the tree to produce a V-shaped wound known as a “streak,” about 8 in. 
long and about 3% to % in. high and 4% in. deep. 

Wounding the tree causes a gummy fluid to exude freely. Although there 
has been much speculation, little is known concerning either the origin or 
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function of this fluid.**** Technically, the oleoresin is not the sap of the 
tree. The sap circulates through the fibrous cells of the sapwood and cells 
of the soft inner bark. The oleoresin is associated with the excess of ma- 
terials stored inside the wood and not used up in the production of wood, 
leaves and bark. Wounding the tree by chipping exposes open vertical resin 
ducts which are part of an interconnecting network of large vertical ducts 
and smaller, more numerous, horizontal ducts.*® The oleoresin or gum 
continues to exude, drop by drop, from the exposed ends of these ducts, 
and flows until the ducts are gradually closed. Rechipping is then necessary 
to renew the flow of oleoresin. It is believed that chipping not only allows 
the oleoresin to flow from the resin ducts that have been severed, but also 
actually stimulates oleoresin production by the tree. Chipping frequency 
is important in obtaining the maximum yields of gum. When a streak is 
freshly cut, the gum starts to flow immediately and small droplets of exu- 
date may be observed on the freshly cut surface in a few seconds. The 
rate of gum flow reaches a maximum the first day and continues at this 
rate for 2 or 3 days before a decline takes place. This is aside from diurnal 
fluctuations, during which the rate starts to increase in the early morning, 
reaches a peak about 9:00 a.m., slows up by evening, and is low over- 
night.4* After about 5 to 7 days the rate of flow becomes very low, and a 
fresh streak has to be cut. The first streak is made as low as convenient 
and each new streak, generally added at weekly intervals, is cut just above 
the last one. The combined streaks comprise what is known as a face on 
the tree. A chipper commonly cuts about 32 streaks on each face being 
worked during the gum flowing season—from early spring to late fall. Thus, 
about 16 in. are added to the height of the face each year; after five to 
seven years the working surface becomes too high to be worked conveni- 
ently, and the yield of gum does not warrant further working. Another 
face may then be started on another side of the tree, care being taken to 
leave a bark bar or space of 4 in. or more between faces. Sometimes two, 
occasionally even more, faces are worked on the same tree during a single 
season. Experimentally, as many as 14 faces have been worked simulta- 
neously on a single tree for a few weeks without killing the tree.‘? Only 
one face is seen on most commercial operations as of today, unless timber 
is being worked rapidly ahead of a sawmill operation. 

The chipper is a skilled workman who may well take pride in the appear- 
ance of his “face.”’ The yield of oleoresin to be obtained, as well as the 
48 Gerry and Hall, Plant. Physiol. 10 (1935), 537. 

44 Hall, Chem. Rev. 18 (1933), 479; 20 (1937), 305. 
45 Snow, Economic Botany 8 (1949), 378. 
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health of the stand, depends upon the skill with which the chipper controls 
the height and depth of his chipping. Formerly a chipper was expected to 
chip 10,000 faces (the unit or “crop” of the industry) each week, but at 
present, with trees more widely spaced, a chipper may spend three-fourths 
of his time walking from tree to tree, so that 5,000 to 7,000 faces now gen- 
erally constitute a week’s work. 

Chemical Stimulation.—In the early 1930’s it was discovered that the 
flow of oleoresin from pines could be stimulated by application of solutions 
of strong acids or bases, or certain salts, to the fresh wound or streak on 
the face of the turpentine tree immediately after chipping.****.°* Exten- 
sive tests were conducted to determine the best chemical agents and mode 
of application to utilize this technique to best advantage. Today a signifi- 
cant and increasing proportion of pine oleoresin in the United States is 
obtained by the use of acid stimulation. According to estimates, in 1950 
more than 10 per cent of the crop was obtained with the aid of chemical 
stimulants. 

When acid is applied to a fresh streak the rate of gum flow increases 
more sharply and continues at this accelerated rate for a longer period than 
it would if the streak were chipped and no acid or other stimulant applied. 
In conventional untreated chipping the rate of gum flow decreases markedly 
after 4 or 5 days, whereas if acid is applied the increased rate continues 
with only slight reduction for about 10 days and is still appreciable even in 
the third week. In present practice about 1 ml. of 50 per cent sulfuric acid 
is sprayed on the freshly cut streak by means of a plastic spray gun, with 
the liquid spray hitting the wound at the junction of the bark and wood 
in the cambium region clear across the face. 

The action of chemical stimulants in accelerating and prolonging the 
flow of oleoresin is imperfectly known, but is undoubtedly intimately asso- 
ciated with the small resin ducts from which the droplets of oleoresin exude. 
As described by Ostrom: 52 


“These ducts extend vertically in the wood and horizontally toward the center 
of the tree in both wood and bark. Where the vertical and horizontal ducts 
cross, their cavities join, as in the plumbing.system of a building. All of these 
ducts are lined with thin-walled, brick shaped parenchyma cells which, in the 
wood, contrast sharply with the long, thick-walled wood fibers. After treat- 
ment with a strong acid the tender cells lining the ducts are collapsed near the 
site of treatment, and the duct channels are correspondingly enlarged. It is 


48 Nikolaev and Sinelobov, Forest Chemical Industries USSR. 5, No. 6 (1936), 4. 
Chem. Zentr. (1937), I, 1290. 

49 Hessenland, Angewandte Chemte 48 (1935), 636. 

50 Liefeld, U. S. Forest Service, Southern Forest Expt. Sta., Occasional Paper No. 97 
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reasonable to suppose that, as a result, the gum can exude more rapidly from 
the ducts, and that the enlarged ends of the ducts may be less readily closed 
than normal ducts by the hardening of the gum at the outlets. 

“Another effect exerted chiefly by strong acids is the destruction of the tender 
new cells in the growing region or cambium which lies between the wood and 
the bark. Over a period of several days the acid works up into this region and 
causes & splitting away of the bark from the wood, one-fourth to one-half inch 
above the wound. This process probably serves to tap new horizontal ducts, 
several hundred of which cross each square inch of the cambium. The solutions 
applied to the wound may also stimulate the process of gum manufacture in 
purely chemical ways, but the exact nature and relative importance of such 
effects are not yet known.” 


Bark Chipping—Another advance in chipping technique resulted from 
the discovery that when an acid spray is used, the removal of the bark 
only down to the wood (“bark chipping”) will result in gum yields com- 
parable to those obtained from conventional chipping where a half-inch 
strip of wood is cut from the tree.*? It is possible to obtain oleoresin by 
removing only the bark without scarring the wood, but the yield is small 
because the horizontal resin ducts exposed by this method are smaller than 
the vertical ducts, and are usually closed by parenchyma cells at the junc- 
tion of the bark and the wood. After acid treatment, however, these radial 
ducts exposed by removing only the bark effectively drain the resin-duct 
system. A special bark-chipping hack,** its blade a hollow square sharp- 
ened at one end, has been devised to facilitate bark chipping. In practice 
the blade is drawn across the upper end of the face by means of a handle 
so as to remove a strip of bark 1% in. in height, but not to cut into the wood. 

Bark chipping leaves the butt of the tree round and in better condition 
for use as pulpwood, ties, or lumber. Since no deep incision is made it is 
probable also that over a period of years of chipping the tree will remain 
in a better physiological state for gum production. Also, bark chipping 
requires less physical effort (a chipper using conventional methods would 
have to cut through about 40 miles of wood in a single year), and less skill, 
and is therefore easier to teach to unexperienced workmen. 

Fungus Stimulation.—Another approach to increasing the efficiency of 
gum production was the discovery by Hepting ** that the fungus Fusarzum 
laterrtium f. pint prolongs the flow of gum from infected wounds on several 
pine species. When spore suspensions of this fungus are sprayed on freshly 
chipped faces of slash or longleaf pines, gum continues to flow without re- 
chipping or treatment for 2 to 8 weeks. Fungus stimulation, however, is 
not in commercial use at the present time. 

52 Snow, Economic Botany 8 (1949), 385. 
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Dipping.—The cups fill up with gum about once a month or after about 
every 3 or 4 chippings. They are then emptied or “dipped” by means of a 
metal or wooden dip paddle into dip buckets—containers with a capacity 
of 4 to 5 gallons—which in turn are emptied into dip barrels holding about 
50 gallons or 435 lb. of crude oleoresin. These are transported to a central 
point in “dip wagons” or “gum buggys’’—rubber-tired wagons drawn by a 
mule—or now commonly by a tractor or a truck, forest roads permitting. 

The gum, as it comes from the ends of open resin ducts, is a clear limpid 
liquid; but as it runs down the face into the cup some of it adheres, thickens, 
and partially oxidizes and crystallizes, causing an accumulation of com- 
paratively dry resinous material (called “scrape’’) on the face. Some oper- 
ators remove the scrape as it forms during the season by having the dip- 
pers punch the scrape from the face into the cup at the time of dipping. 
Other operators remove the scrape separately after the season of free gum 
flow has ended. The scrape is lower in turpentine content and generally 
produces a lower grade of rosin. Good practice calls for raising cups and 
tins each season to reduce the length of face over which the oleoresin has 
to flow before reaching the cups. Depending on the height of the face the 
scrape is removed by a “shove down,” or “pull down” iron, a dull-bladed 
tool that pares the scrape from the tree without much adhering wood. 


Methods of Processing Pine Oleoresin 


Major changes have been made in recent years in methods of processing 
pine oleoresin to obtain the commercial products, gum turpentine, and gum 
rosin. When pitch was the principal product made from the crude oleoresin, 
the gum was heated in an open kettle and boiled down to a thick pitch. 
Sometimes, in those early days, sheepskins were placed above the kettles 
and upon them some of the vapors would condense, saturating the wool 
with oil. The oil (spirits of turpentine) was recovered by wringing out the 
fleeces. As the demand for turpentine increased it became desirable to 
obtain higher yields of turpentine. This brought about the use of iron 
retorts and condensers. The first copper fire still and condenser worm, 
of the type used in distilling malt, was introduced in North Carolina about 
1834.5°> Some modifications in design were made, but for nearly a century 
it was not materially improved. 

Fire Stills.—The fire still consisted of a large copper kettle, of from 500 
to 1,000 gallons capacity, supported and partly enclosed by brickwork 
forming a furnace, and was heated by a wood fire.** It was connected by 
a still head (usually removable) to a condenser or “worm.” This was usu- 
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ally of large copper tubing 6 to 8 in. in diameter at the inlet and 2 to 3 in. 
at the outlet, perhaps 150 ft. long, and formed into a coil about 6 ft. in 
diameter and 7 ft. high, set in a large wooden tank or tub containing water 
for condensing the distillate. 

The operation of these simple stills has been described in detail by 
Dunwody."* From 7 to 14 barrels of the crude gum, depending on the size 
of the still and the nature of the gum, were emptied directly from the dip 
barrels into the still through an opening in the top. The gum as it was 
placed in the still contained a certain percentage of water, generally from 
5 to 10 per cent, which lowered the temperature at which the turpentine 
would distill. At the beginning of the operation the distillate consisted of 
about 45 per cent of turpentine and 55 per cent of water. When nearly 
all the water originally present was distilled over, as shown by the decrease 
in the amount of water in the distillate to about 30 per cent and by the 
peculiar frying sound (termed the “call for water”) heard on placing the 
ear close to the tail-pipe of the condenser coil, a small stream of water was 
allowed to flow into the boiling gum in the still through an opening in the 
still head. The correct time for concluding the distillation was judged 
from the emission of other characteristic sounds from the still. The ther- 
mometer as an aid in conducting the distillation was first introduced in 
1907.5 Usually the mixture of turpentine and water emerging, still quite 
warm, from the worm, was received in an open-headed barrel. The turpen- 
tine, being lighter than the water, rose to the top and was run off through 
@ pipe into another open receiving barrel, from which it was either pumped 
to a storage tank or bailed into barrels ready for shipment to market. The 
water was allowed to flow out of the receiving barrel through an opening 
at the bottom. When nearly all the turpentine had been distilled out, as 
judged by certain characteristic sounds emitted by the still, the flow of 
water was shut off, the still cap or head removed, and the molten rosin 
remaining in the still (and mixed with bits of bark, pine needles, sand, and 
chips present in the oleoresin) was drained from the still through a side 
arm tail-pipe opening at the bottom. To remove the extraneous matter 
from the rosin the residual contents of the still were passed, while hot, 
through a series of wire strainers, and finally through layers of cotton bat- 
ting supported on a wire screen before packaging in wooden barrels or 
metal drums. The yield of turpentine varied from 16 to 22 per cent of the 
original weight of the gum, and the yield of rosin amounted to about 60 
or 70 per cent. About 3 hr. were required to run a charge of 8 to 10 barrels 
in a fire still. 

These simple fire stills had the advantage of requiring only a4 small 
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initial investment—a few thousand dollars—and were well suited to the 
needs of the transient naval stores operator as he moved from one spot to 
another through the apparently inexhaustible virgin forests; but they pos- 
sessed inherent disadvantages. For example, the direct heating resulted 
in numerous fires, the bark and chips present throughout distillation tended 
to add color or “degrade” the rosin produced, and there was considerable 
loss of rosin by adherence to the bark, chips, and cotton batting. More- 
over, no matter how carefully the straining was done there were always 
some fine particles present in the rosin which could not be held back by 
cotton batting. The introduction of a few simple improvements such as 
improved still settings—which reduced the hazard of fire and gave a more 
uniform distribution of heat—improved separators, and rock salt dehy- 
drators, enabled skilled or experienced stillers to produce turpentine and 
rosin of high quality. Detailed designs and working drawings incorporat- 
ing such improvements have been published by the Naval Stores Research 
Division of the U. S. Department of Agriculture.** This group has also 
published detailed recommendations for procedures to be used in charging, 
running, and discharging a fire still.° 6 © 

Steam Stills——Attempts were made at various times to operate steam 
stills instead of direct-fire stills. These were quite generally unsuccessful. 
The rosin from the early steam stills often had a cloudy appearance and 
particles of wood and bark from the gum lodged on the steam coils where 
they charred between runs and discolored the rosin from the next charge. 

Conversion of the industry from transient exploitation to permanent crop- 
ping, and improvements in transportation facilitated the introduction of 
the modern process for processing pine gum as developed by the U. S. De- 
partment of Agriculture in the 1930’s.°%* Following this method, the oleo- 
resin, prior to distillation, is cleaned in a process known as “gum cleaning.” 
For this purpose the oleoresin is diluted with turpentine, melted, filtered, 
washed with warm water, and settled before it is distilled.** %. 6 

Gum Cleaning.—In a typical case, about 12 barrels of the crude oleoresin 
are drawn from a dump vat into a blow case, charged to a melter, which 
consists of a stainless steel steam-jacketed container with a capacity of 
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about 15 barrels, and sufficient turpentine is added to bring the concentra- 
tion of turpentine up to 35 to 40 per cent. Ordinarily, gum contains 18 
per cent of turpentine, and scrape 12 per cent of turpentine. The gum is 
heated to a temperature of 200° to 220° F. and melts in 20 or 30 min., de- 
pending upon the nature of the gum. Scrape requires a higher temperature 
(220° to 240° F.) and a longer time. A pressure of 15 to 35 lb. is built 
up to force the melted gum out of the bottom of the melter through a 
filter. A coarse screen (4-mesh) is generally provided in the bottom of 
the melter to remove the larger pieces of foreign matter which might other- 
wise clog the lines or filter. The filter medium consists commonly of cloth 
or filter paper coated with filter aid, such as diatomaceous earth. In nor- 
mal operation the filter aid is added with the gum in the blow case or 
melter, and sometimes a small amount of oxalic acid—from 44 to % lb. 
per barrel of gum—is also added to remove iron rust stain, which would 
otherwise degrade the rosin. Diluted gum adhering to the coarse material 
which has been screened out is removed by blowing with live steam, and 
sometimes subjected to a turpentine wash followed by steaming. The di- 
luted, filtered gum is passed directly from the filter to the wash tank 
(generally of stainless steel or aluminum) with a capacity of about 100 
barrels, jetting it through about 300 to 400 gallons of water. This usually 
requires from 15 to 30 min. per melter charge. Washing with water re- 
moves water-soluble impurities (notably sugars) present in the oleoresin, 
and also any excess oxalic acid that may have been used. The final tem- 
perature of the gum-water mixture ranges from 180° to 200°F. After 
washing, the gum is settled for 4 to 8 hr., or sometimes overnight, the tem- 
perature dropping to about 180° to 160° F. After settling, the wash water 
is drained from the bottom of the wash tank and discarded. 

Central Stills—Such gum-cleaning plants are centrally located with re- 
spect to supplies of pine gum. Processing plants having such facilities 
have come to be known as “central stills.” In these plants the diluted, 
filtered, washed, and settled gum (which still contains about 0.5 per cent 
moisture) is pumped into the still. The stills, again usually of stainless 
steel, are generally cylindrical, from 6 to 10 ft. in height and 4 to 6 ft. in 
diameter, and have a capacity of 15 to 40 barrels of diluted gum. The 
gum in the still is heated by steam coils and sparged with live steam. The 
vapors of water and turpentine are passed through a dephlegmator, a vapor 
chamber about 4 ft. in diameter and 5 ft. high, to remove entrained rosin 
acids, and the vapors are condensed by aluminum or stainless steel tubular 
condensers. The distillate at first contains about equal proportions of 
water and turpentine, but as the distillation progresses additional sparger 
steam is used, the temperature rises, and the water-turpentine ratio in- 
creases. The distillation is continued until the ratio of water to turpentine 
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issuing from the condenser is about 10 to 1. This requires from 30 to 40 
min., and at this time the temperature of the residual rosin is about 330° F. 
Recording thermometers are generally used to guide the stiller in his oper- 
ation. The condensed turpentine and water are passed through an auto- 
matic separator, and the turpentine, saturated with water, is dehydrated 
by passing it through a dehydrator before blending in storage tanks with a 
capacity of 5,000 to 10,000 gallons. The dehydrator usually consists of 
a barrel or tank of rock salt with a false bottom from which brine is re- 
moved periodically. Since the portion of the turpentine which distills over 
at the end of a charge is relatively rich in acids—both water-soluble acids 
(chiefly acetic acid) and resin acids—the last portion of the turpentine 
which distills from each charge and the first portion of the turpentine from 
the next charge (which washes out the condenser) are commonly collected 
separately and used to dilute the crude oleoresin; only the “heart cut” is 
sent to storage and marketed. The melted rosin remaining in the still is 
run into holding tanks whence it is later emptied into paper bags, gal- 
vanized steel drums, or tank cars. 

Although such modern gum-cleaning and distillation plants are expen- 
sive, costing more than $100,000 each, the increased efficiency, increased 
yields, and superior quality of turpentine and rosin, have established their 
worth. Thirty such central gum-cleaning and distillation plants in opera- 
tion in 1949 produced more than 90 per cent of the American total of gum 
turpentine and rosin, and the old fire stills (which once numbered about 
2,500) have been reduced to less than 100.* 

“Gum Farming.”—Establishment of such central gum-cleaning plants is 
effecting a major change in the gum naval stores industry, especially in 
the production of the gum. Thousands of farmers have turned to gum 
farming as a cash crop. Pine oleoresin can be collected and sold during 
nine or ten months of the year, and if other farm work is pressing, collec- 
tion can be postponed without appreciably decreasing the quantity of gum 
obtainable from the trees. Small-scale gum farmers, who numbered about 
300 in 1930, have increased to approximately 40,000 in 1948.°%° Of the 
approximately 50 million acres of forest lands in the naval stores region 
of the south, about 30 million produce naval stores, and many owners of 
land on which there are small stands of pine utilize the pine gum as a 
new source of cash income. Such gum farmers may work only a few hun- 
dred trees or even fewer and at the other extreme, a single operator may 
work over a million trees. 

Yield of Oil—There are wide variations in the amount of oleoresin that 
may be obtained from pines, even using similar practices, and in the amount 


67 Patton, Ind. Eng. Chem. 40 (1948), 996. 
68 [bid. 
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TaBLE 20.3. Yreip ror One YEAR or Gum (Dip aNp SCRAPE) AND OF TURPENTINE 
From SuasH PINEs oF DIFFERENT DIAMETERS * ror Goop AND Poor Srres 


Diameter of 


Better than Average Sites 


Poorer than Average Sites 


Tree at 
414 Fi. Above| Actual Yield | Colculated | 4 tus vielg | Calculated 
Yield ° of Yield ° of 
the Ground of Gum per : of Gum per : 
Turpentine per Turpentine per 
nee) ie 10,000 F are 10,000 F 
(Pounds) : 20g (Pounds) 4 mbt 
(50-Gal. Bbl.) (50-Gal. Bbl.) 
6 4.7 25 3.2 17 
7 6.1 33 4.4 24 
8 7.5 40 5.6 30 
9 9.0 48 6.7 36 
10 10.4 56 7.9 42 
11 11.8 63 9.1 49 
12 13.3 71 10.2 55 


* Taken from U. S. Dept. Agr., Afisc. Pub. No. 209 (1935), 77. 

¢ The width of face is one-third the circumference of the tree in each case. 

’ Converting factor used here is based on analyses by the Bureau of Chemistry and 
Soils of dip and scrape from Starke, Florida. Scrape represents 6 per cent of total yield; 
trash, 6.7 per cent; dip analyses showed 21.5 per cent and scrape showed 9.2 per cent 
turpentine by weight. One gallon of turpentine weighs 7.2 lb. 


of turpentine obtained. Table 20.3 gives typical data for the yield of oleo- 
resin and turpentine from slash pine trees, and Table 20.4 gives similar data 
for longleaf trees. It will be seen that slash pines produce somewhat more 
oleoresin than longleaf. Individual trees have been known to produce more 
than twice the average of oleoresin of similar trees with similar environ- 
ment, and others little more than half the average. Application of chemical 
stimulants such as sulfuric acid increases the yield materially. 

Slash pine is generally considered to yield a slightly higher percentage 
of turpentine, on a seasonal basis, than does longleaf pine, as may be in- 
ferred from the data in Tables 20.3 and 20.4. Black and Thronson * found 
@ seasonal average of 20.0 per cent of turpentine in the oleoresin from slash 
pine, and 19.1 per cent of turpentine in the oleoresin from longleaf. Veitch 
and Grotlisch 7 arrived at similar results. Otte,”! however, obtained con- 
69 Tbid., 26 (1934), 68. 
70U. S. Dept. Agr., Bull. No. 898 (1920), 1. 
7™11“A Study of the Composition of the Oleoresin of Pinus palustris and Pinus hetero- 


phylla from High, Mcdium, and Low Yielding Trees,” Master’s Thesis, University 
of Florida (1930). 
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TABLE 20.4. YieLp ror ONE YEAR oF Gum (Dip AND SCRAPE) AND OF TURPENTINE 
FROM LONGLEAF PINES OF DiFrFERENT DIAMETERS ® ror Goop AND Poor SITES 


Better than Average Sites Poorer than Average Sites 
Diameter of 
Tree at 
Ave Fi. Above | Actual Yield. |, CMCWS**. | actucrviea | Comate? 
Yield ° of Yield ° of 
the Ground of Gum per of Gum per ; 
Turpentine per Turpentine per 
neues) Tee 10,000 F ane 10,000 F 
(Pounds) vey tray | (Pounds) ee, 
(50-Gal. Bbl.) (50-Gal. Bbl.) 
6 4.7 24 3.4 17 
7 5.9 30 4,4 22 
8 7.1 36 5.4 27 
9 8.3 42 6.4 32 
10 9.5 48 7.4 38 
11 10.7 54 8.4 43 
12 11.9 60 9.4 48 


* Taken from U. S. Dept. Agr., Misc. Pub. No. 209 (1935), 78. 

¢ The width of face is one-third the circumference of the tree in each case. 

> Converting factor used here is based on analyses by the Bureau of Chemistry and Soils 
of dip and scrape from Starke, Florida. Scrape represents 25 per cent of total yield; 
trash, 7.4 per cent; dip analyses showed 22.9 per cent and scrape analyses showed 11.2 
per cent of turpentine by weight. One gallon of turpentine weighs 7.2 Ib. 


trary results, finding that longleaf oleoresin yielded a slightly higher per- 
centage of turpentine than did slash. Results of a large scale test at the 
Naval Stores Station of the U. S. Department of Agriculture, Olustee, 
Florida,’?? showed that the oleoresin from 7 crops (70,000 trees) which were 
90 per cent longleaf, had an average turpentine content during the entire 
season of 19.2 per cent; the oleoresin from 10 crops, 90 per cent slash, had 
an average turpentine content of 18.6 per cent. It appears that the tur- 
pentine content of the oleoresin (dip plus scrape) from the two species of 
pines is almost equal and approximates 20 per cent. Black and Thronson ™ 
found that the turpentine content of oleoresin tended to decrease with each 
succeeding season of chipping. Thus, in the first year the average was 20.8 
per cent, in the second 20.1 per cent, and in the third year 18.9 per cent. 
Physicochemical Properties.—Pine oleoresin as it exudes from a fresh 
wound is a clear, limpid, colorless fluid. It consists chiefly of a mixture of 
resinous acids (rosin) and volatile oils (turpentine), but also contains 
traces of water and water-soluble materials. On standing for a short while 


*2 Veitch and Shingler, U.S. Dept. Agr., Bur. Chem. Soils, Mimco. Circ. April 26 (1935). 
*3 Ind. Eng. Chem. 26 (1934), 68. 
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it tends to crystallize. The oleoresin from longleaf pine has a much greater 
tendency to crystallize than does the oleoresin from slash pine, and com- 
monly a considerable amount of crystallized acids with more or less ad- 
hering volatile material (scrape) is formed on the face, especially of long- 
leaf pines. 

The density ™ of oleoresin containing various percentages of turpentine 
has been reported by Smith.”> Oleoresin from longleaf pine appeared to 
have a slightly higher density than that from slash pine. Typically, long- 
leaf oleoresin containing 22.8 per cent of turpentine (water-free basis) had 
a density of 1.020 g. per cc. at 20° C., whereas an oleoresin from slash pine 
containing 22.5 per cent of turpentine had a density of 1.019 g. per cc. at 
20° C. 

The viscosity of pine gum has been reported by Runckel and Knapp.*® 
The viscosity of longleaf oleoresin is distinctly higher than that of slash 
oleoresin. Typically, longleaf oleoresin containing 21.3 per cent of tur- 
pentine (water-free basis) had a viscosity of 952 centipoises at 60° C., 
and slash oleoresin containing 22.0 per cent of turpentine had a viscosity of 
only 490 centipoises at 60° C. 

The density and refractive index of different samples of commercial gum 
turpentine differ relatively little, and are usually well within the legal 
requirements indicated below. Black and Thronson* noted that over a 
whole season turpentine obtained in laboratory distillations from slash oleo- 
resin averaged slightly less as regards specific gravity than did turpentine 
from longleaf oleoresin (0.8679 and 0.8700, respectively, at 15°/15°). Ina 
second season both averages were somewhat lower—0.8674 and 0.8689, re- 
spectively. Mims and Schopmeyer ™ obtained similar results. Black and 
Thronson reported that for longleaf turpentine the refractive index at 20° 
averaged 1.4681 during the first season and 1.4705 during the second sea- 
son; for slash turpentine the averages were 1.4695 and 1.4714. Mims and 
Schopmeyer reported seasonal averages of 1.4713 and 1.4712 for longleaf 
turpentine in the first and second season, and 1.4728 and 1.4710 for slash 
turpentine. 

These are also representative values for fresh whole commercial turpen- 
tine. Slight deviations from the laboratory-distilled turpentine may well 
be due to variations in the point at which the distillation processes are ter- 
minated, resulting in different percentages of tailings in the turpentine. 
Turpentine usually increases in density during storage, probably due to 
7™ The terms density and specific gravity are frequently used interchangeably in the 

Naval Stores Industry. The author of this chapter has followed the usage of the 

authorities he quotes. For an explanation of the difference in meaning between the 

two terms, the reader is referred to Vol. I of the present series, p. 237, fn. 10. 


75 Ind. Eng. Chem. 28 (1936), 410. 77 Ibtd. 26 (1934), 68. 
76 Ibid. 88 (1946), 555. 78 Ibid. 89 (1947), 1504. 
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oxidation, hydration, and polymerization. It is common commercial prac- 
tice to “freshen up” a tank of old turpentine with fresh turpentine by con- 
tinually adding freshly produced turpentine as the old is withdrawn for 
the market, thus maintaining the available turpentine well within legal 
tolerances for specific gravity at all times. The changes that occur in tur- 
pentine during storage and methods for the preservation of turpentine have 
been studied.”* ®° | 

The optical rotation of the turpentine from longleaf and that from slash 
oleoresin differ markedly; this property is probably the chief means of dis- 
tinguishing between the two types of oil. Turpentine from longleaf pine 
is dextrorotatory, due to the highly dextrorotatory a-pinene present, which 
more than counterbalances the laevorotation of the B-pinene. On the other 
hand, the turpentine from slash pine is laevorotatory, owing to the laevoro- 
tating 8-pinene and the negatively or only very slightly positively rotating 
a-pinene present. Black and Thronson *! reported for longleaf turpentine 
an average optical rotation of +11° 19’, whereas the average for slash tur- 
pentine was —19° 19’. The turpentine from individual trees varied widely 
in rotation, ranging from —3° 1’ to —27° 55’ for slash pines, and from 
+2° 0’ to +18° 12’ for longleaf. Mims and Schopmeyer * obtained simi- 
lar results, the average rotation for turpentine from slash pine being 
—17° 33’ and from longleaf being +14° 17’. 

The specifications of the American Society for Testing Materials and 
those of the Federal Government, for gum spirits of turpentine,** are as 
follows: 


ADPCArAnce::.os.cnocss te rdwancs casas wesehas ees Shall be clear and free from 
suspended matter and water 

COOR rina ach bts a:trsaterein ak sea ad ne eae arene Shall be “Standard’’ or bet- 
ter * . 

Maximum Minimum 

Specific Gravity at 15.5°/15.5°... 2... ... ccc eee 0.875 0.860 

Refractive Index at 20°. ......... ccc cee eee eee eee 1.478 1.465 

Residue after Polymerization with 38 N H.SO, (Volume 

POP Cent) ios ai tee ie haa eee ata ese aes 2.0 st 
Initial Boiling Point at 760 mm. pr................. 160° 150° 
Distilling below 170° C. at 760 mm. pr. (Per Cent)... ... 90 


* Color standards (water white, standard, one shade off and two shades off) have been 
proposed for turpentine * but in present commercial practice gum turpentine is considered 
unmerchantable unless it is water white (Author’s note). 


79 Smith and Holman, ibid. 26 (1934), 716. 

80 Sumerford, J. Am. Pharm. Assocn. 88 (1944), 150. 

81 Ind. Eng. Chem. 26 (1934), 68. 

82 Ibid. 39 (1947), 1505. 

88 “1949 Book of AS.T.M. Standards, Part 4,” American Society for Testing Materials, 
Philadelphia (1950), 196. 

84 Veitch and Grotlisch, U. 8. Dept. Agr., Bull. No. 898 (1920), 10. 
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The flash point for gum turpentine is 38°C., the aniline point 25° C. 

and the kauri-butanol solvency value is 50.8° Turpentine is an excellent 
solvent for many resins and readily dissolves most varnish resins. The 
solvent and wetting properties of turpentine are better than those of 
straight petroleum solvents, but turpentine does not have as high solvent 
power as aromatic solvents boiling in the range 150° to 200°C. With 
nitrocellulose, turpentine may be used as a thinner in limited amounts. The 
iodine number of turpentine varies from 200 to 400, depending on the 
method of determination used and the time of reaction.** For turpentine, 
hydrogen values are more reliable criteria of unsaturation than iodine 
numbers. 
_ Many investigators have detected the presence of peroxides in turpen- 
tine, and more rapid drying of paint films has been ascribed to their pres- 
ence.*? Certain tests indicate that turpentine may contribute to the dura- 
bility of some paint coatings more than do mineral spirits.** 

Turpentine is considered safe physiologically in the concentrations usu- 
ally employed, and much less hazardous than other industrial solvents such 
as toluene or butanol.*® It is, however, an irritant, affecting principally 
the eyes, lungs, and skin. Albaugh * states that 3 mg. of turpentine per 
liter—approximately equivalent to 919 parts per million—causes local 
symptoms, and that 6 mg. per liter will poison healthy men in 1 to 4 hr. 
Adequate ventilation should, therefore, be provided where prolonged ex- 
posure is necessary. 

It is recognized that turpentine has limited therapeutic value. A mono- 
graph on turpentine oil, “Spirits of Turpentine,” and another on the recti- 
fied oil were included in the Twelfth Revision of the “United States Phar- 
macopoeia.” *! Karreth *? has reported that abscesses produced by tur- 
pentine have a beneficial effect on persons with sepsis. The turpentine 
causes a large increase in leucocytes and reticulocytes in the blood, which 
serve to mobilize a defense action. Turpentine has been demonstrated to 
have antiseptic action against Staphyllococcus aureus,** whereas 3 per cent 
aqueous mercurochrome does not. 

85 Powers, in J. J. Matiello, “Protective and Decorative Coatings,” Vol. I, John Wiley 

(1941), 561. 

86 Tbid., 562. 

87 Krumbhaar, Oil and Colour Chemists’ Assocn. J. 18 (1935), 294. 

88 Salzberg, Browne and Odell, Ind. Eng. Chem. 28 (1931), 1214. 

89Smyth and Smyth, J. Ind. Hyg. 10 (1928), 261. 

90 Ohio Public Health J. 6 (1915), 512, through M. B. Jacobs, “Analytical Chemistry 
of Industrial Poisons, Hazards and Solvents,” Interscience Publishers, Inc., New 


York (1949), 553. 
91“The Pharmacopoeia of the United States of America,” Twelfth Revision (1942), 


336, 337. 
92 Klin. Wochschr. 15 (1936), 1274. Chem. Abstracts $1 (1987), 1098. 
93 Rose, Am. J. Pharm. 101 (1929), 52. 
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Chemical Composition of Commercial Gum Turpentine.—At present, 
American commercial gum turpentine is derived almost exclusively from 
the oleoresin of only two species of pine—slash and longleaf. It happens 
that the chemical composition of the volatile oil from the oleoresin of these 
two species is quite constant and similar. For this reason the composition 
of commercial gum turpentines is surprisingly uniform, especially if one 
considers the differences in mode of processing and storage. It averages 
close to 64 per cent of a-pinene, 33 per cent of B-pinene and 3 per cent of 
tailings.**°> Palkin has reported analyses on five different samples of 
commercial turpentine varying widely in origin and age. The significant 
data are given in Table 20.5. These turpentines were all obtained from 


TABLE 20.5. ANALYTICAL DaTA ON COMMERCIAL TURPENTINES 


Composition (Per Cent) 


Sample | tractive Density 
ndex 
No. (n25) (dis.6) 
a-Pinene 8-Pinene Tailings 

l 1.4697 0.8707 63.0 31.5 5.6 
2 1.4692 0.8662 61.9 32.6 5.3 

3 1.4680 0.8664 62.2 28.8 6.1 

4 1.4701 0.8692 59.2 36.9 3.9 

5 1.4698 0.8667 58.0 35.6 6.4 


direct-fire still operations, but analyses of commercial gum turpentine 
from central stills do not reveal any significant differences in composition. 
Chadwick and Palkin * have reported that the tailings contain major pro- 
portions of dipentene and methyl chavicol, with lesser proportions of ter- 
pinolene, bornyl acetate, and pinocarveol, as well as other unidentified 
hydrocarbons, alcohols, ethers, and esters. Fenchyl alcohol, one of the 
predominant alcohols in the tailings of steam-distilled wood turpentine, 
could not be detected. 

Use.—Turpentine is suitable for use as a solvent, thinner, chemical raw 
material and as a chemical or pharmaceutical. At one time it was exten- 
sively used as an illuminant and for the production of lampblack.* At 
present the principal use of the gum is as a solvent, especially for thinning 
paints and varnishes. According to statistics published by the Department 
94 Palkin, U. S. Dept. Agr., Tech. Bull. No. 276, January (1932). 

95 Chadwick and Palkin, ibid., No. 749, February (1941). 
96 , 
97 cae “Naval Stores,” Savannah (1921), 30. 
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of Agriculture, less than 10 per cent of the total annual production of gum 
turpentine is utilized for “industrial” consumption.** The remainder repre- 
sents principally unreported distribution of turpentine through retailers, 
who sell in small quantities to ultimate consumers. The latter use it as a 
solvent for paints and varnishes for cleaning and softening paint brushes, 
as well as for numerous household and office purposes—including solvent, 
cleaning agent, and medicinal purposes as a liniment, antiseptic, and insec- 
ticide. 

Large quantities of turpentine (upward of 100,000 barrels annually) are 
employed for diverse industrial purposes in the United States, but the pub- 
lished statistics do not indicate how much gum turpentine and how much 
wood turpentine are used for each industrial application. The industrial 
utilization of turpentine has been discussed by Speh,*® and a list of more 
than 40 specific industrial uses has been published.?°° Turpentine is a valu- 
able component of numerous paints, varnishes, lacquers, stains, enamels, 
inks, lubricants, stain removers, wood fillers, waterproofing compounds, 
various liquid and paste polishes, waxes, crayons, insecticides and pharma- 
ceuticals—including liniments, medicated soaps, and disinfectants. It is 
also used in the production of a number of chemicals—including camphene, 
chlorinated camphene, camphor, terpineol and terpin hydrate. 

Chemicals from Turpentine.—In general the only constituents isolated in 
pure form are the pinenes. While the whole turpentine may be employed 
successfully for some chemical purposes the use of pure «- or -pinene is 
generally preferred. These terpene hydrocarbons are generally obtained by 
fractional distillation of turpentine. 

a-Pinene has been employed for many years for the production of cam- 
phene, an intermediate in the production of synthetic camphor. Camphene 
has also been used for the production of isobornyl acetate—an odorant— 
and isoborny! thiocyanoacetate (Thanite)—an insecticide. At the present 
time large quantities of camphene are being chlorinated, to a chlorine con- 
tent of approximately 69 per cent, to produce chlorinated camphene (TJ'ora- 
phene) widely employed as an insecticide. a-Pinene is also used for the 
production of synthetic pine oil, terpin hydrate, and additives for lubricat- 
ing oils. The largest volume use for 8-pinene is in the preparation of syn- 
thetic resins. Here £-pinene is polymerized, usually with a Friedel-Crafts 
type catalyst, to a hard resin which finds application in chewing gum, paint, 
varnish, paper coatings, and adhesives. §8-Pinene has also been reacted 
with formaldehyde on a semi-commercial scale to produce the inexpensive, 
bicyclic primary alcohol Nopol. 

98 U. S. Dept. Agr., Bur. Agr. Econ., May (1950), 8. 


99 Ind. Eng. Chem. 81 (1939), 166. 
100 U, §. Dept. Agr., Bur. Agr. Chem. and Eng., Mimeo Circ. No. 40 (1938). 
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, Oleoresins and Turpentines from Individual Pine Species 


Some 48 species of the genus Pinus are native to the United States, 
but only two, Pinus caribaea (slash pine) and Pinus palustris (longleaf 
pine), are used today to produce American gum turpentine. It is only very 
rarely that pines of other species (usually loblolly) occurring in a stand of 
slash or longleaf are chipped along with the other trees in the stand. Dur- 
ing and for a short time after the Civil War, when supplies from the South 
were cut off, turpentine was produced from certain western pines, particu- 
larly from P. ponderosa,’ but this tree is not turpentined commercially 
today. Also, in the 1860’s and 1870’s, a considerable amount of turpentine 
was produced on the West Coast from Pinus sabiniana Douglas (Digger 
pine). This turpentine is quite different in composition from other tur- 
pentines, as it consists chiefly of n-heptane. It achieved a considerable 
reputation under the names of Albietene, Erasine, Aurantine, etc., as a 
cleaner for the removal of paint and grease from clothing and fabrics; ?* 
but it could not compete economically with cheaper petroleum solvents. 
Interest in production of n-heptane from pines arose in the 1920’s when 
n-heptane was introduced as a standard of reference in the standardization 
of gasoline as fuel in internal combustion engines. Some was produced 
for this purpose, but n-heptane from pines (Pinus Jeffreyi—the Jeffrey 
pine—was employed chiefly) could not compete successfully with synthetic 
n-heptane, and turpentining of these pines was discontinued. 

The turpentines from only 30 of the 48 species of pines native to the 
United States have been examined, and many of these have been only 
inadequately analyzed. The turpentines from the two pines used commer- 
cially today have, however, been studied intensively and these are dis- 
cussed in detail below; the significant available data for all thirty turpen- 
tines which have been examined even superficially are presented in 
Table 20.6. 

Pinus Palustris Miller—Longleaf Pine-——-Numerous analyses of the 
yields of turpentine and rosin obtained from the oleoresin of longleaf pine 
have been reported.'°*-141_ The yield noted differs somewhat, but is generally 
101 Mirov, Ann. Rev. Biochem. 17 (1948), 521. 

102 U, §. Dept. Agr., Misc. Pub. No. 209, January (1935), 20. 
108 Kremers, Pharm. Rev. 18 (1900), 166. 

104 U. §. Dept. Agr., Misc. Pub. No. 209, January (1935), 21. 
105 Herty and Dickson, Ind. Eng. Chem. 4 (1912), 495. 

106 Black and Thronson, zbid. 26 (1934), 66. 

107 U. S. Dept. Agr., Misc. Pub. No. 209, January (1935), 78. 
108 Smith, Ind. Eng. Chem. 28 (1936), 410. 

109 Runckel and Knapp, tbid. 38 (1946), 555. 


110 Mims and Schopmeyer, tbid. 89 (1947), 1504. 
111 Clark and Osborne, U. S. Dept. Agr., AIC-191, December (1948). 
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quite close to 20 per cent of turpentine. The effect of numerous variables 
on the yield of the oleoresin, as well as its composition, has been stud- 
ied.122-115 These variables include weather, season of the year, size of tree, 
size of tree crown; frequency, height, and depth of chipping, and the year 
of chipping (i.e., whether first, second, or third year, and so on). The 
oleoresin from longleaf pines has a strong tendency to crystallize, with the 
formation of significant proportions of scrape; the dip and scrape have 
been analyzed separately. 

Wyman '** has reported in detail on the yield of scrape and dip from 
longleaf pines. He concluded that it averages about 24 per cent of the 
total yield of oleoresin obtained during the season, but depends upon the 
frequency of raising tins and the height of chipping as well as other varia- 
bles. On the basis of a large number of analyses, it was concluded 22” that, 
for longleaf pines, scrape represents 25 per cent of the total yield, and that 
the turpentine content of longleaf scrape averages 11.2 per cent and of 
longleaf dip 22.9 per cent. 

Dupont and Barraud 77° found a sample of longleaf turpentine to be com- 
posed of 64.3 per cent of «-pinene, 31.8 per cent of B-pinene and 4.6 per cent 
of tailings. The characteristics and composition of longleaf turpentine have 
been carefully determined by Palkin,’?® and Chadwick and Palkin.??° 
Palkin’s analytical data on turpentine samples from authentic sources are 
tabulated below: 


Optical Rotation Refractive Composition 

aj = ay = Index Density a- p- Tail- 

Source 678 mu 546 mu (n?) (dis.e) Pinene Pinene ings 
Longleaf 1, 

Fresh........ +14° 2’ +16° 16’ 1.4691 0.8680 68.4 28.6 3.0 
Longleaf 2, 

Fresh........ +12° 17’ +14°20’- 1.4692 0.8694 62.5 33.3 4.2 

Longleaf, Gum 
Dip......... +11° 0’ +12° 52’ 1.4690 0.8667 62.5 34.4 3.1 


Longleaf, Scrape +7° 21’ +8°51! 1.4681 0.8675 67.0 29.2 3.8 


Palkin 2*1 also reported on the composition of the tailings, which he found 
to have the following gross composition: about two-fifths was monocyclic 


112 Wyman, U. S. Dept. Agr., Tech. Bull. No. 298, April (1932). 

118 U.S. Dept. Agr., Misc. Pub. No. 200, January (1935). 

11¢ Harper and Wyman, U.S. Dept. Agr., Tech. Bull. No. 510, April (1936). 
115 Liefeld, J. Agr. Research 64 (1942), 81. 

116 Naval Stores Rev. 41, January 9 (1932), 16. 

117U. §. Dept. Agr., Misc. Pub. No. 209, January (1935), 78. 

118 Bull. Inst. du Pin, No. 60, May (1929), 156. 

119U, §. Dept. Agr., Tech. Bull. No. 276, January (1932). 

120 Ibid., No. 749, February (1941). 

121 Ibid. 
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hydrocarbons, chiefly dipentene and terpinolene; about one-fifth was ter- 
pene alcohols (probably pinocarveol) and phenols; and the remainder was 
& mixture, consisting principally of ethers and esters (chiefly methyl chavt- 
col and optically inactive bornyl acetate). It is noteworthy that fenchyl 
alcohol, one of the predominant alcohols in the tailings of steam-distilled 
wood turpentine, could not be detected. Palkin '*? also found that not more 
than 0.07 per cent of the turpentine distills below the boiling point of 
a-pinene; consequently any low-boiling components are present only in 
extremely small proportions. 

Pinus Caribaea Morelet—Slash Pine.—Numerous analyses of the yield 
of turpentine and rosin obtainable from the oleoresin from slash pines, 
which produces a significant and increasing portion of American commer- 
cial gum turpentine, have been reported.*?*+*° The proportion noted dif- 
fers somewhat, but is generally quite close to 20 per cent of turpentine. 

The oleoresin from slash pine has less tendency to crystallize than does 
the oleoresin from longleaf pines. Wyman has reported in detail on the 
yield of scrape and dip from slash pine. He found that the scrape from 
slash pine averages about 8 per cent. On the basis of a large number of 
analyses it was concluded !*? that for slash pine, scrape represents about 6 
per cent of the total yield; slash dip analyses about 21.5 per cent, and slash 
scrape 9.2 per cent of turpentine by weight. 

Dupont and Barraud #** found the turpentine of slash pine to consist of 
75.6 per cent of a-pinene, 21.2 per cent of 8-pinene and 3.2 per cent of 
tailings. The characteristics and composition of slash turpentine have been 
carefully determined by Palkin.%* His analytical data on turpentine 
samples from authentic sources are tabulated below: 


Optical Rotation Refractive Composition 
aj = ay = Index Density a p- Tail- 
Source 578 mp 546 mp (n?¥) (dis.e.) Pinene Pinene ings 
Slash, Old..... —20° 30’ — 22° 34’ 1.4698 0.8667 58.0 35.0 6.4 
Slash,Gum Dip -—22° 35’ — 24° 54’ 1.4694 0.8657 61.0 33.7 5.3 
Slash, Scrape... —25° 3’ —27° 48’ 1.4700 0.8704 58.8 33.6 7.6 


122 Tbid., 5. 

128 Herty, U. S. Dept. Agr., Forest Service Bull. No. 90, August (1911), 15. 
124 Wyman, U.S. Dept. Agr., Tech. Bull. No. 298, April (1932), 22. 
128 Black and Thronson, Ind. Eng. Chem. 26 (1934), 66. 

126 U.S. Dept. Agr., Misc. Pub. No. 209, January (19385), 77. 

127 Smith, Ind. Eng. Chem. 28 (1936), 410. 

128 Hall, bid. 29 (1937), 637. 

129 Runckel and Knapp, tbid. 88 (1946), 555. 

1830 Mims and Schopmeyer, tbid. 89 (1947), 1504. 

181 Naval Stores Rev. 41, January 9 (1932), 16. 

182U. §. Dept. Agr., Misc. Pub. No. 209, January (1935), 77. 

188 Bull, Inst. du Pin No. 60, May (1929), 155. 

184 U. §. Dept. Agr., Tech. Bull. No. 276, January (1932). 
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AMERICAN Woop TURPENTINES 


Introduction.—The wood turpentines comprise a group of turpentines 
obtained as by-products of the pine pulp and paper industry or by the 
solvent extraction or destructive distillation of dead pine wood, “lightwood.” 
Three classes of wood turpentine are officially recognized: 


I. Steam-distilled wood (S.D.W.) turpentine 
II. Sulfate wood turpentine 
III. Destructively distilled (D.D.) wood turpentine. 


These have been defined on p. 254. 
To these should be added: 


IV. Sulfite turpentine (sometimes also called spruce turpentine) which, 
though not officially recognized, has attracted much attention and will be 
considered here along with the wood turpentines. 


I, Steam-Distilled Wood (S.D.W.) Turpentine 


History.—_Steam-distilled wood (S.D.W.) turpentine is a product of the 
steam-solvent wood naval stores industry. This industry was developed 
largely on the premise, commonly held at the turn of the twentieth century 
but since proved erroneous, that with the depletion of the virgin pine forest 
the living tree would shortly cease to be a commercial source of turpentine 
and that the gum naval stores industry in the United States would become 
extinct. As late as 1920, it was generally thought, and officially predicted, 
that within another ten years gum production in this country would practi- 
cally cease.1*>.15° However, as a result of planned reforestation and the 
natural or self-seeding of the rapidly growing slash pine (a good source of 
pine oleoresin) on the cut-over pine lands of the south, as well as of im- 
proved methods for procuring pine gum, the gum naval stores industry is 
still a healthy survivor. It is now expected to continue indefinitely. In 
turn, at mid-century some experts are predicting the decline of the southern 
wood naval stores industry, which may be considered a mining operation 
based upon the utilization of the stumps remaining from the same virgin 
forests. In 1934, the Forest Survey estimated the total supply of wood 
naval stores stumps in the entire lower south as 140 million tons.1*7 Annual 
185 Schantz and Marvin, Ind. Eng. Chem. 81 (1939), 587. 

186 Ward, “Naval Stores: The Industry,” in U. S. Dept. Agr. “Trees; The Yearbook 


of Agriculture” (1949), 287. 
187 Naval Stores Rev. 69, February 25 (1950), 25. 
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consumption was then about 700,000 tons, but it has since risen to nearly 2 
million tons, and involves the clearing of stumps from about 400,000 acres 
of land each year. It is roughly estimated that in the past fifteen years 
wood naval stores operations have reduced the stump supply by about 25 
million tons; and that other causes, such as rot, fire, local use of lightwood 
and land clearing have made an additional reduction in the supply. Stover 1** 
estimated that Mississippi, which produces one-third of the United States 
wood naval stores and consumes over 500,000 tons of wood annually, had 
left in 1948 only about 6,500,000 tons of stumpwood—enough for ten to fif- 
teen years more operation at the present rate. However, technological 
developments resulting in increased efficiency of operation may permit use 
of material such as “catfaces” from gum naval stores operations and other 
saw mill wastes which contain a smaller proportion of resin than do the 
stumps. The tremendous reserves of stumps of virgin western pines are 
now being investigated, and pilot-plant scale operations using residues from 
these pines are under way at Klamath Falls, Oregon.?*® 

The first successful commercial plant for the recovery of naval stores 
from logging residues was built at Gulfport, Mississippi, by Homer T. 
Yaryan about 1909; in the first year of operation (1910-11) it produced 
14,000 barrels of rosin, 1,700 barrels of turpentine and 700 barrels of pine 
oil.14° In the early years of its existence, growth of the steam and solvent 
wood naval stores industry was limited; but later, and especially after 
about 1920, it grew and expanded rapidly. At present its products exceed 
the value of the gum segment of the industry both in volume and in value. 
Data for the production of steam-distilled wood turpentine and other 
volatile products of the steam-solvent wood naval stores industry for 
representative years are given in Table 20.7. 

Production of Steam-Distilled Wood Turpentine.—The raw material is 
the “lightwood”’ of the millions of acres of cut-over pinelands of the south, 
especially longleaf yellow pine stumps, including the roots. ‘“Lightwood” 
is a local term commonly applied to very resinous or “fat” pieces of wood, 
such as pine knots or faces of turpentined trees (catfaces); but in general 
it applies to the residue of dead wood left on the ground or in stumps, 
which residue contains a very large proportion of resinous material.'* 
There is a sharp contrast between the complexity and technology of the 
steam-solvent wood naval stores industry and the simple methods required 
by the gum naval stores industry. 

The oleoresin content of a stump depends both upon the age of the stump 
188 Tbid., 24. 

139 Chemical Industries 65 (1949), 700. 


140 Garvie, tbid. 44 (1939), 263. 
141 Hawley, in T. Gamble “Naval Stores,” Savannah (1921), 237. 
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TABLE 20.7. Propuctrion or Sream-DIsTILLED Woop TURPENTINE AND OTHER 
VoLaATILE O11s * 


(Barrels of 50 Gal. Each) 


Other Mono- 
Year Turpentine Pine Oil “Dipentene”’ cyclic 
Hydrocarbons 
1910-11 1,700 700 
1914-15 6,461 2,503 
1919-20 20 , 838 10,358 
1924-25 57,025 32,615 
1929-30 85 , 736 56,678 
1934-35 77,494 73,440 oe ies 
194445 117,265 103 , 487 18 , 636 33,716 
1948-49 207 , 160 148 ,670 26,170 39,470 
1949-50 199,630 141, 260 29,710 44,030 
1950-51 237 ,080 173,170 44,630 50 , 530 


* Data for 1910-1940 from ‘‘Gamble’s International Naval Stores Yearbook” (1939— 
40), 78; for subsequent years from the Annual Naval Stores Report issued by the United 
States Department of Agriculture. 


and the age of the tree from which the stump is derived. Green wood is 
difficult to grind or shred and produces much lower yields of resin. The 
wood naval stores industry uses only those stumps that have remained 
in the ground at least eight to ten years, preferably longer. During this 
time the bark and sapwood slough off, leaving the rich heartwood, in 
which the resinous material is concentrated. As the age of a longleaf 
or slash pine increases, the proportion of heartwood and its oleoresin con- 
tent increase. Demmon ‘*? concluded that the formation of heartwood 
in southern pines does not begin until the trees are fifteen to twenty years 
of age. Shortleaf and loblolly pines, as a rule, contain much smaller pro- 
portions of heartwood, for equally aged trees, than do longleaf and slash 
pines. Demmon*** found that the heartwood content of unturpentined 
longleaf pines ninety years old was somewhat more than 20 per cent (by 
volume), compared to less than 5 per cent of heartwood for those thirty 
years old. A stump from a young tree contains little oleoresin, and in a 
short time (two to five years) it has rotted and completely disintegrated. 
Since practically all second growth pines arg cut before reaching an age 
at which they would have a sufficient amount of heartwood, only a small 


142 J, Forestry 84 (1936), 776. 
148 Jbid., 775. 
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percentage of the stumps from second growth pines now being cut in the 
south are of use to the steam-solvent industry. 

Methods of removing the stumps from the ground vary with the terrain. 
Formerly most of the stumps were removed by blasting with explosives. 
Today the stumps are generally unearthed by various types of tractors, 
stump pullers, or “push-dozers,” and then worked into suitable handling 
size by dynamite, axes, and saws. The stumps constitute the major por- 
tion of the total wood waste used, but other rich resinous material—such 
as “top” wood—may also be employed. This includes limbs which may 
usually be handled without any mechanical treatment, and large trunks 
of dead wood which may be reduced to handling size with an ax or saw. 
When reduced to convenient handling size the wood is shipped to the 
processing plant, sometimes more than 200 miles distant. 

A flow sheet ?** and rather detailed descriptions of the processes used at 
the plants have been published.***1** 

There is wide variation in details of the processes used in different plants, 
but the general principles are the same. Conveyors carry the wood under 
a spray of water where most of the dirt is washed off, then to a mechanical 
“hog” provided with a rotary disk chipper, and next into shredders where 
the wood is reduced to small chip-size.*° This produces splinter-type chips, 
the largest of which are about 0.25 in. in diameter and 1.5 in. long. The 
shredded wood is then conveyed to the extractors. These are tanks or 
pressure vessels of various shapes and sizes provided with steam coils and 
a false perforated bottom to retain the wood and to permit the injection of 
solvents or live steam. Each extractor may hold 10 to 15 tons of chips. 
Formerly the wood in the extractors was steamed to remove the bulk of 
the volatile oils and then countercurrently solvent-extracted by flooding 
with a close-cut petroleum naphtha solvent. In a newer modification of 
the process the initial steaming step is omitted, and the turpentine, pine 
oil, and rosin are extracted from the wood by the solvent, and the spent 
chips steamed to remove solvent. The solvent may suitably be a 
petroleum naphtha with an initial boiling point of 95° and a dry point of 
115° C., or a low boiling aromatic solvent. 

The extract is then distilled to separate the volatile material from the 
residual rosin (FF wood rosin). Turpentine, “dipentene,” other mono- 
144 Chem. Met. Eng. 49, March (1942), 112. 

145 Palmer, Ind. Eng. Chem. 26 (1934), 703. 
146 Garvie, Chemical Industries 44 (1939), 263. 
147 Harper, in “Rogers’ Manual of Industrial Chemistry,” D. Van Nostrand Co., Inc., 

New York, Sixth Ed., Vol. I (1942), 667. 

148 Humphrey, Ind. Eng. Chem. 85 (1943), 1062. 


149 Jbid., 1063. 
160 [bid. 
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cyclic hydrocarbons, and pine oil are separated from each other and from 
the solvent by vacuum fractional distillation. The volatile oils are com- 
monly washed with caustic soda or soda ash to remove acidic materials 
before fractionation. 

Yield.—The resinous wood used typically contains from about 22 to 27 
per cent of material extractable by petroleum solvents, but of this only 
about 20 to 24 per cent is actually recovered in commercial practice. About 
10 to 12 gal. of volatile oils and 300 to 350 lb. of FF grade wood rosin are 
obtained per ton of air-seasoned “fat” wood when petroleum naphtha is 
used. If an aromatic solvent is employed, an additional 50 to 75 lb. of 
nonvolatile extractives, chiefly oxygenated products, may be obtained. 

The liquids obtained from the steam-solvent process are conveniently 
grouped, according to their distillation temperature, into four classes: 


1. Steam-distilled wood turpentine. 
2. “Dipentene.”’ 

3. Other monocyclic hydrocarbons. 
4. Pine oil. 


This is the classification used by the Department of Agriculture in col- 
lecting statistics on the production of wood naval stores. 

It should be noted that the ratio of rosin produced to liquids obtained 
is substantially the same whether they are obtained by the steam solvent 
processing of aged stumps or by the distillation of oleoresin drawn from the 
living tree. The traditional “unit” of the gum naval stores industry is a 
50-gal. barrel of turpentine and 23% drums (1,400 lb.) of rosin. In 1949-50 
there were produced 199,630 barrels of S.D.W. turpentine, 29,710 barrels 
of “dipentene,’”’ 44,030 barrels of “other monocyclic hydrocarbons,” and 
141,260 barrels of pine oil—a total of 414,630 barrels of liquids, as against 
1,098,610 drums of rosin for a ratio of 2.64 to 1.15. In 1950-51 the indus- 
try produced 505,410 barrels of oils and 1,339,410 drums of rosin‘? for 
a ratio of 2.65 to 1. 

Physicochemical Properties.—Steam-distilled wood turpentine is a dis- 
tilled fraction of the volatile oils obtained in the steam-solvent process, 
the fraction being cut so as to conform to Federal, as well as American 
Society for Testing Materials, specifications for steam-distilled wood tur- 
pentine. These specifications, except as to origin of the oil, are identical 
with those previously given for gum spiritis of turpentine (p. 275), and the 
151 ear Annual Naval Stores Report, U. S. Dept. Agr., Bur. Agr. Econ., May 


152 1960-1961 Annual Naval Stores Report, U. S. Dept. Agr., Bur. Agr. Econ., May 
(1951), 3. 
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physical properties of the two types of turpentine correspond quite closely. 
Naturally the product from different processors, or even from the same 
processor at different times, may vary somewhat within the limits of the 
specifications. A typical sample examined by Palkin et al.%** had the 
following physical characteristics: 


Specific Gravity at 15.5°/15.5°..... 0.859 


Optical Rotation at 20°........... +22° 12’ 

Refractive Index at 25°........... 1.4668 

Boiling Range.................00. 92% distills below 
170° 


Other properties, such as flash point, aniline point and kauri-butanol 
solvency value, are substantially the same as for gum spirits and sulfate 
wood turpentine. The aniline point for eleven samples of S.D.W. turpen- 
tine was reported by Snider and Burstein *** to range from 19° to 25.5° C. 

Chemical Composition.—Palkin et al.1°> have reported the results of a 
comprehensive examination of 15 kg. of a representative sample of steam- 
distilled wood turpentine. The turpentine was shown to consist of the 
following: 


Bicyclic Hydrocarbons: 
a-Pinene (about 80 per cent of the turpentine) 
B-Pinene 


iia very small quantities 


Monocyclic Hydrocarbons (constituting most of the remainder of the 
turpentine): 
Dipentene 
Limonene 
Terpinene 
Terpinolene 
p-Menthane 


Terpene Alcohols (present in small quantities): 
Fenchyl Alcohol 
Borneol 
a-Terpineol 


Other Compounds (present only in traces): 
Paraffin Hydrocarbons, Low Boiling 
Benzaldehyde 
Furfural 
Cineole 
Sobrerol 
Methyl Chavicol 
Phenols 


158 U.S. Dept. Agr., Tech. Bull. No. 596, December (1937), 9. 
154 Ind. Eng. Chem., Anal. Ed. 16 (1944), 603. 
155 U.S. Dept. Agr., Tech. Bull. No. 596, December (1937), 26. 
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The nonhydrocarbon portion probably did not, in the aggregate, exceed 
2 per cent of the turpentine. Although benzaldehyde is present only in a 
very small proportion (22 to 60 parts per million), it is completely absent 
from all other commercial turpentines. Its presence has been proposed by 
Snider ** as a means of detecting and estimating steam-distilled wood 
turpentine in gum spirits of turpentine 

Use.—Steam-distilled wood turpentine is employed for the same general 
purposes as gum spirits of turpentine, except that it is not recognized by 
the United States Pharmacopoeia. Inasmuch as it contains only a very 
small proportion of 8-pinene, it is not fractionated to produce that com- 
pound. A very large proportion is used industrially. According to the 
annual reports on naval stores issued by the United States Department of 
Agriculture, approximately 35 per cent of all wood turpentine is utilized 
for “industrial consumption,” mostly in the production of “chemicals and 
pharmaceuticals.” No breakdown is available, however, as to what pro- 
portion of this is steam-distilled wood turpentine.’*? «-Pinene derived from 
wood turpentine is used in the production of lubricating oil additives, 
terpene ethers, synthetic pine oil and camphene, which in turn serves as 
starting material for the production of synthetic camphor and synthetic 
insecticides. 


Other Volatile Compounds from the Steam-Solvent Process 


The major volatile products obtained from the steam-solvent process for 
extraction of wood wastes are turpentine and pine oil, but other hydro- 
carbons, such as dipentene, terpinene, and terpinolene, are also recovered. 
These hydrocarbons have a boiling range intermediate between that of 
a-pinene, which is the principal component of the turpentine, and that 
of the pine oil; they may be fractionated out as intermediate cuts in the 
refining of the crude turpentine and pine oil. In recent years these inter- 
mediate oils have become standard products in the industry, as they are 
valuable solvents for a wide variety of special purposes and are widely 
marketed under numerous proprietary trade names. 

The average recovery is about 5.5 gallons of turpentine, 1.5 gallons of 
intermediate oils, and 4 gallons of pine oil together with about 325 Ib. of 
FF grade rosin per ton of wood. Data concerning the production of these 
volatile oils are included in Table 20.7. 

Dipentene.—Commercial dipentene, or ‘“dipentine,” is not pure dipentene, 
although dipentene is generally the major component. Dipentenes mar- 
156 Ind. Eng. Chem., Anal. Ed., 17 (1945), 107. 


157 1949-1960 Annual Naval Storcs Report, U. S. Dept. Agr., Bur. Agr. Econ., May 
(1950). 
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keted by different producers may vary somewhat in composition depend- 
ing on the fractions present. Federal specifications for dipentene*®* in- 
clude the following requirements: 


Minimum Maximum 

Specific Gravity at 15.5°/15.5°.. 0... ee eee 0.845 0.860 
Refractive Index at 20°..................00200..0+. 1.473 1.480 
Blash: Pomtunccae sca Vice ladies eeu te mae Skee ee: 110° F ass 
Aniline Point. 2 s48eoce0s 346s d i see ok oe 0°C. 
Boiling Range: 

Initial Boiling Point............. 0.0... ce cee eee 168° C. ee 

Distillate below 173° C., per cent by volume........ fen 5 

Distillate below 188° C., per cent by volume........ 95 
Residue after Polymerization with 38 N H.SO,, per 

cent DY VOIUMG 6.55 626 bes ceehsaaseuerdetars cae 3.0 


Such a product typically contains only about 50 per cent of the chemical 
compound dipentene. About half of the rest is p-cymene and p-menthane. 
The remainder is composed of relatively small proportions of pinenes, 
a-terpinene, terpinolene and other p-menthadienes and oxygenated terpenes 
(alcohols, ethers and ketones). 

Commercial dipentene evaporates readily, but not quite so readily as 
turpentine. As indicated by its low aniline point, it is a good solvent. It 
has found extensive use as a solvent and antiskinning agent, particularly 
in enamels and primers containing the more difficultly soluble phenolic-base 
resins. Dipentene is employed as a rubber-reclaiming solvent and process- 
ing aid, and as a solvent in numerous proprietary compositions. Also, it 
serves as the raw material for the manufacture of p-cymene by dehydrogen- 
ation, or p-cymene and p-menthane by disproportionation. Dipentene was 
used extensively as the commercial source of isoprene for several types of 
synthetic rubber at the start of World War II, but was replaced by the 
more abundant hydrocarbons as a raw material. 

Other Monocyclic Hydrocarbons.—The quantitative composition of the 
different commercial products—generally balanced mixtures for use as 
special purpose solvents, but which may be included in this category— 
varies considerably. Qualitatively, such mixtures probably contain the 
same compounds found in commercial dipentene. In addition to finding 
uses as special solvents they serve also as bases for the manufacture of 
terpene ethers.15° 

Pine Oil.—The pine oils comprise a major group of products of the steam- 
solvent industry. Pine oil consists principally of a mixture of tertiary 
and secondary terpene alcohols, together with smaller amounts of terpene 


158 “Thipentene,” Federal Specifications, TT-D-376, December 18 (1947). 
159 Palmer, Ind. Eng. Chem. 85 (1943), 1025. 
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oxides, ketones, and a phenol ether (methyl chavicol). The pine oil, which 
has no counterpart in the gum naval stores industry, was at first almost 
entirely a waste product and producers had considerable difficulty disposing 
of it. Intensive research to develop markets met with such success, how- 
ever, that production by the extraction of pine wood fell behind the de- 
mand, and considerable quantities of synthetic pine oil have been produced 
at various times (by hydration of pinenes) to overcome shortages. Pine oil 
is marketed in several grades for specific purposes. Pine oil derived by 
steam distillation normally has a characteristic light straw color. Water 
white pine oil is made by a redistillation of the oil with steam over alkali 
or by dry fractional distillation under reduced pressure. Federal specifica- 
tions 1° provide that steam-distilled pine oil shall not be darker than a 
light lemon color, shall have a mild and piney or aromatic odor, and shall 
meet the following requirements: 


Maximum Minimum 

Water Content (per cent by weight)................. 1.0 ones 
Terpene Alcohol (per cent by weight)................ — 65 
Specific Gravity at 15.5°/15.5°. 0. ee 0.945 0.930 
Polymerization Residue (per cent by volume)......... 2.5 dates 
Boiling Range: 

Distillate below 185° C. (per cent by volume)...... 5 

Distillate below 200° C. (per cent by volume)...... 30 beats 

Distillate below 225° C. (per cent by volume)...... boot 90 


An approximate quantitative analysis of steam-distilled pine oil has been 
reported by Pickett and Schantz'® as follows: 


Per Cent 
Terpene Hydrocarbons..... 5 to 10 
Borneol................-. 5 to 10 
Fenchyl Alcohol........... 5 to 10 
a-Terpineol............... 50 to 60 
Other Terpineols.......... 15 to 25 
Terpene Ethers........... 5 to 10 
Ketones and Phenols....... 1 to 2 


This represents the probable average composition of pine oil. A “High 
Grade” pine oil has been reported by Garvie '®? to have the following 
approximate composition: 


Per Cent 
a-Terpineol............... 68.5 
Menthanols............... 4.2 


160 “Pine Oil,” Federal Specifications, LLL-O-358, July 13 (1945). 
161 Ind. Eng. Chem. 286 (1934), 709. 
163 Chemtcal Industries 44 (1939), 384. 
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Per Cent 
Fenchyl Alcohol........... 8.0 
Borneol...............05- 9.0 
Methyl reainga 10.0 
Phenol Ethers [oct *° : 
Moisture................. 0.3 


Pine oil is a powerful germicide; soon after its introduction on the market 
the oil found application in disinfectants, and in cleaning and scouring 
soaps. One of the earliest major uses developed for pine oil was as a 
frothing agent in the flotation process for reclaiming low-grade copper-, 
lead-, and zinc-bearing ores. The mining industry is still probably the 
largest single consumer of pine oils, but very large quantities are now 
also used as solvents and wetting agents in a variety of textile and synthetic 
fiber manufacturing operations. Pine oil is also widely employed as an 
ingredient of many liquid soaps, disinfectants, preservatives, insecticides, 
deodorants, polishes, sweeping oils, and cattle sprays.1*% The components 
of the oil cannot conveniently be separated by fractional distillation, but 
certain individual compounds are recovered by chemical separation; in 
fact, considerable quantities of pine oil are processed for this purpose. 
Palmer '** has described the production in this way of the “8-terpineol’”’ of 
commerce (used as a perfume base, principally for soaps), of anethole from 
the methyl chavicol, and of fenchone and camphor from the fenchy] alcohol 
and borneol present in pine oil. The camphor thus produced is optically 
active, having a dextrorotation, whereas synthetic camphor from pinene is 
optically inactive. 


II. Sulfate Wood Turpentine 


History.—Crude sulfate wood turpentine is obtained as a by-product of 
the manufacture of paper pulp by the alkaline sulfate process. The recov- 
ery of the crude sulfate turpentine is a relatively simple procedure, consist- 
ing merely of condensing the vapors relieved from the digesters during the 
cooking of the wood, and separation of the oily layer from the aqueous 
layer in the condensate.** Romaine ** states that, although sulfate wood 
turpentine was obtained in Norway and Sweden as early as 1910, it was 
not produced in quantity in the United States before 1918; and that for 
several years before 1930 the output averaged from 4,000 to 5,000 barrels 
(50 gallons each) annually. Since 1930 the United States Department of 
168 Palmer, Ind. Eng. Chem. 86 (1943), 1025. 

164 Tbid. 84 (1942), 1030. 


165 Lawrence, Paper Trade J. 124, No. 9 (1947), 128. 
166 Chemical Industries 45 (1939), 408. 
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Agriculture has included data on the production of sulfate wood turpentine 
in its annual reports on naval stores. The data in Table 20.8 showing the 
rapid increase in production of sulfate wood turpentine are taken from 
these reports. Although the sulfate wood naval stores division is, there- 
fore, the youngest of the American naval stores family, it has grown to be 
an important member, so that currently about half as much sulfate tur- 
pentine as gum turpentine is produced. Sulfate turpentine, when refined, 
closely resembles gum turpentine in composition. A comprehensive review 
of the literature on sulfate turpentine containing 87 references has been pub- 
lished by Collins and Schmitt.'* 


TaBLE 20.8. Propucrion or SULFATE Woop TURPENTINE * 


Barrels of 
50 Gallons Each 


Year 





* Data for 1929-1940 from Agricultural Statistics, U. S. Dept. Agr. (1941), 688; for sub- 
sequent years from the Annual Naval Stores Report issued by the U. 8. Department of 
Agriculture. 


Collection of Sulfate Wood Turpentine.—A review of the various meth- 
ods and equipment used by twenty-four American pulp mills for the col- 
lection of sulfate wood turpentine has been published by Lawrence.*** He 
states: 


“The procedure for collecting sulfate turpentine is fairly well standardized. 
Vapors relieved during the cooking of pine wood are passed through separators 
to remove entrained liquor and fiber. The separators are usually of the cyclone 
type and some mills employ more than one. Where two or more separators 
are used they are operated in series or parallel. From the separator, the vapors 
then pass to a condenser, generally of straight tube construction. The con- 
densed water and turpentine are passed to a decanter, and the separated tur- 
pentine is withdrawn to storage. In some mills, the storage tank also serves 
as a decanter.” 


167 Paner Ind. and Paper World 26 (1944), 1136; (1945), 1573. 
168 Paper Trade J. 124, No. 9 (1947), 128. 
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Yield of Oil—The yield of crude sulfate wood turpentine is highly 
variable, depending primarily upon the species of wood cooked, but also 
upon the locality and type of soil in which the trees have grown, the 
proportion of heartwood, the cutting season and the yard age of the wood, 
the procedure and efficiency of the equipment used to recover the turpen- 
tine, variations in the pulping process, and possibly other factors. Yields 
reported have ranged from as little as 0.5 gallon to as much as 10 gallons 
of turpentine per ton of pulp.’*® Lawrence ?”° reported that: 


“In terms of gallons of crude sulfate turpentine per ton of air-dry pine pulp, 
slash and longleaf pine yield 2.8 to 4.3 gal.; loblolly, shortleaf, and Virginia pine 
yield 1.5 to 2.7 gal.; jack and white pine yield 1.5 to 3.1 gal.” 


Romaine 3"! estimated the average yield obtained by the pulp mills in the 
south at approximately 1.65 gallons per ton of pulp. 

Purification of Crude Sulfate Wood Turpentine——Crude sulfate wood 
turpentine recovered from the relief gases is an amber-colored, nauseating 
liquid containing 10 to 15 per cent of sulfur-bearing compounds. Of these, 
dimethy] sulfide is the chief component, with lesser proportions of dimethyl 
disulfide and methyl mercaptan.‘7? The sulfur-containing compounds are 
relatively low boiling, and the major portion may be removed by fractional 
distillation; but even traces of sulfur compounds remaining in the refined 
turpentine will impart a characteristic and highly offensive odor. Accord- 
’ ingly, chemical treatment is commonly resorted to. Numerous chemical 
methods have been proposed; these have been reviewed by Collins and 
Schmitt.178 Generally the crude sulfate turpentine is refined by a combina- 
tion of one or two fractional distillations and chemical treatment. Thus 
the crude turpentine may be “topped” to remove the major portion of the 
sulfur compounds, treated with an oxidizing agent such as alkaline hypo- 
chlorite, and then again distilled. A study of the corrosion caused by crude 
sulfate turpentine has been reported by Norton et al." 

Chemical Composition.—Crude sulfate wood turpentine varies widely in 
composition depending upon the locality, type of soil, age, and species of 
pine trees, and variations in the pulp-making process. The composition 
of a crude sulfate turpentine has been reported by Collins: 7° 
169 Collings and Schmitt, Paper Ind. and Paper World 26 (1944), 1137. 

170 Paper Trade J. 124, No. 9 (1947), 128. 

171 Chemical Industries 45 (1939), 408. 

172 Collins and Schmitt, Paper Ind. and Paper World 26 (1944), 1138. 
178 Ibid., 1139. 


174 Paper Trade J. 124, No. 18 (1947), 34. 
175, §, Patent No. 2,400,614, October 22 (1946). 
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Per Cent 
Boiling at 35° to 40° C.... 0. cc eee eee 1.5 
Pinene Fraction (90% of a- form, 10% of B- form)...... 82.0 
Monocyclic Hydrocarbons............. 00: eee e cee eeees 11.5 
PING Oil ivreas sca oe bee a seek wa daeeew ne eaonen: 1.5 
Estragole (Methyl Chavicol)............. 0.0.00 c eee ee 0.2 
Other High Boiling Oils Distilling from 180° to 212°..... 1.3 
Nondistillable Constituents........... ccc ecee cee eees 2.0 


Klason ?7° has reported the presence of a small amount of trimethylamine. 

Norton 77" states that as an aid toward uniformity crudes from various 
sources are frequently blended before processing, and that averaged analyses 
would be about as follows: 


Per Cent 
CHPIDONG a: 3ic 5 ska kinaweiiae eeuca wine wae 50 to 60 
B-PINCNG 5 oes osexts aeons @osaweds 15 to 20 
Monocyclic Terpene Hydrocarbons...... 10 to 15 
Sulfur compounds and impurities........ 10 to 15 


Such a crude sulfate wood turpentine would produce a refined turpentine 
containing approximately 65 per cent of «-pinene, 25 per cent of 8-pinene, 
and 10 per cent of tailings (chiefly monocyclic hydrocarbons, including 
dipentene and terpinolene). This composition is quite similar to that of 
some commercial gum spirits of turpentine reported by Palkin.’"* 

After refining, the sulfate wood turpentine may contain traces of sulfur 
or chlorine or both. Tests for these elements may serve to characterize 
sulfate turpentine. Thus Smith?**® found no chlorine or sulfur in gum 
spirits of turpentine, steam-distilled wood turpentine, or destructively dis- 
tilled turpentine; but found from 0.011 to 0.016 per cent of sulfur in six 
samples of American sulfate wood turpentine, and from 0.16 to 0.28 per 
cent of chlorine in three of the samples. The chlorine in these samples 
apparently arose from hypochlorites used in refining them. 

Physicochemical Properties.—Crude sulfate wood turpentine is an amber- 
colored liquid characterized by a vile, sickening odor. The methyl] sulfide 
present has a narcotic effect and is poisonous.1* The following physical 
properties of crude sulfate wood turpentine were reported by Collins: **1 


Specific Gravity at 15.6°/15.6°...... 0.8654 
Specific Optical Rotation........... +2° 43’ 
Refractive Index.................. 1.4709 


1176 Pamer Ztg. 88 (1908), 3779. 

177 Paper Trade J. 120, No. 7 (1945), 36. 

178 U.S. Dept. Agr., Tech. Bull. No. 276, January (1932). 

179 Ind. Eng. Chem., Anal. Ed. 3 (1981), 354. 

180 Collins and Schmitt, Paper Ind. and Paper World 26 (1944), 1139. 
181 J, S. Patent No. 2,409,614, October 22 (1946). 
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The refined turpentine is a water white liquid. It meets the specifications 
for gum spirits of turpentine, except as to odor, which, in all but perhaps 
the most highly refined grades, is distinct, and characteristic of sulfate 
wood turpentine. 

Use.—Refined sulfate wood turpentine is used for the same general pur- 
poses as gum spirits of turpentine; a large proportion is employed indus- 
trially. Large quantities are fractionated to produce a- and £§-pinene. 
The a-pinene is used for the same purposes as the a-pinene from steam- 
distilled wood turpentine. The f-pinene serves to produce resinous poly- 
mers, terpene phenol resins, and chemicals such as myrcene and the primary 
bicyclic alcohol Nopol C,,;Hi;OH. 


III. Destructively Distilled (D.D.) Wood Turpentine 


History.—Early wood distillation, formerly called “tar burning,” was a 
very crude operation. The wood was distilled in sod pits or brick kilns and 
only the tar and pitch were recovered. Later, iron retorts and iron and 
concrete kilns were developed. Patents relating to the process were granted 
as early as 1841. Romaine '* states that the first plant to employ the basic 
principles of the present destructive distillation process, using waste pine 
wood as its raw material, was erected by James Stanley at Wilmington, 
N. C., in 1872. By 1900 the industry had become quite well established 
as a supplier of raw materials, and it assumed considerable importance in 
the period between 1900 and 1930. In more recent years production has 
declined. Data for the production of D.D. turpentine for representative 
years are given in Table 20.9. 

Production of D.D. Wood Turpentine.—The raw material is substantially 
the same as that used by the steam-solvent industry, i.e., the “lightwood”’ 
of the cut-over pinelands of the south. In outline, the process consists of 
cutting selected stump and top wood in proper lengths, generally 20 to 36 
in., placing them in suitable retorts equipped with condensers, and there 
heating the wood to charring point. The condensable vapors and tars 
obtained are processed to meet consumer requirements. Operating pro- 
cedures vary widely, and descriptions of various operations have been 
reported .183-18? 

182 Chemical Industries 45 (1939), 403. 

188 Veitch and Donk, U.S. Dept. Agr., Bur. Chem., Bull. No. 144, December (1911). 
184 Hawley, in T. Gamble, “Naval Stores,” Savannah (1921), 251. 

185 Smith, zbid., 253. 

186 Clendenon, in “Gamble’s International Naval Stores Yearbook” (1930-31), 164. 


187 Harper, in “Rogers’ Manual of Industrial Chemistry,” Sixth Ed., D. Van Nostrand 
Co., New York, Vol. I (1942), 667. 
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TABLE 20.9. PropvucTion or DEstRuUCTIVELY DisTILLED Woop TURPENTINE * 





Year Barrels of 
50 Gallons Each 
1919-20........... 4,575 
1924-25........... 8,200 
1929-80........... 9,624 
19384-35........... 5, 767 
1989-40........... 6,791 
1944-45. .......... 4,477 
1948-49........... 2,780 
1949-50........... 3,150 
1950-51........... 5,410 


* Data for 1919-1940 from Agricultural Statistics, U. S. Dept. Agr. (1941), 688; for sub- 
sequent years from the Annual Naval Stores Report issued by the U. 8. Department of 
Agriculture. 


The retorts now employed are of different types and sizes. Small cylin- 
drical retorts, which are charged and discharged by hand, may hold from 
one to three cords. Large oven retorts, each of which may hold ten cords 
or more, are charged by running in cars loaded with wood. After the 
distillation is completed the cars are pushed into iron coolers, where they 
are sealed up and allowed to cool away from contact with air. The normal 
cycle for charging, distillation, cooling, and discharging may require 24 hr. 
or more. Mims ?** reports that one large concern has a continuous retort 
in operation. The retorts may be heated by direct fire or by hot gases. The 
temperature inside the retorts reaches about 700° F. The vapors produced 
as the temperature is raised are passed through condensers; and the distil- 
late, consisting of oil and pyroligneous acid, 1s collected. In addition to 
the distillate drawn from the condensers, some processors obtain more or 
less pitch or tar drawn from the bottom of the retorts. 

The oils and tars are subsequently distilled and fractionated to prepare 
merchantable products. The distillation is often run through two or three 
stages. Thus the first stage may be carried out in a simple iron still 
(heated with steam and operated at atmospheric pressure) to produce a 
light oil as the distillate, with a light, medium, or heavy tar as residue. 
The light oil may then be fractionated to produce fractions of different 
specific gravities, depending upon subsequent uses, specifications of the 
consumer, and sales outlets; these fractions are sold as solvent oils under 


188 “Naval Stores Review 1948 Intcrnational Yearbook,” H. L. Peace Pubfications, 
New Orleans, La. (1948), 120. 
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various trade names. Sometimes the light oils are redistilled several times. 
They are then known as XX or XXX oil, according to the number of times 
they have been distilled. Phenolic compounds are sometimes separated by 
extraction with alkali and acidification. The products of the destructive 
distillation of pine wood include, besides D.D. turpentine and charcoal, 
solvent oils, pine tar oils, pine oils, creosote oils, and pine tars. 

Since the resin content of the wood employed varies widely, and different 
producers use different conditions, widely different yields of the various 
products may be obtained. Clendenon ?* states that the yield of crude 
products (exclusive of charcoal, pyroligneous acid and charcoal) should 
total 30 to 35 per cent of the weight of the wood. This compares with 
about 22 per cent obtained by the steam-solvent process. The charcoal 
resulting amounts to 15 to 20 per cent of the weight of the wood used. 
Hawley ?* estimates the ordinary yields obtained in practice per cord 
(4,000 lb.) of “lightwood” as follows: 


Total Oils (including tar)......... 65 to 100 gallons 
Refined Turpentine.............. 8 to 15 gallons 
WAR 2s civien meine dasees 40 to 60 gallons 
Charcoal. ............ 000 e eee 25 to 35 bushels 


The annual Naval Stores Reports of the United States Department of 
Agriculture indicate that in the past five years the ratio of pine tar to 
D.D. turpentine produced has ranged from 18 to 1 in 1945-46 to as high 
as 39 to 1 in 1948-49. Such variations in the ratio of pine tar to turpentine 
are undoubtedly in part a reflection of the demand for turpentine, as the 
proportion of light oil distillate (which can be included in the D.D. turpen- 
tine cut and still remain within the limits prescribed by specifications for 
D.D. turpentine) may be varied considerably. 

Physicochemical Properties—D.D. wood turpentine is a distilled frac- 
tion cut so as to conform to recognized specifications for destructively 
distilled wood turpentine. Federal specifications,’* which differ from those 
of the other recognized classes of turpentine, include the following: 


Maximum Minimum 

Specific Gravity at 15.5°/15.5°. 22.0... ee eee eee 0.865 0.850 
Refractive Index at 20°. ........... 0c cece ee eee 1.483 1.463 
Residue after Polymerization with 38 N H2SO, (per cent 

DY -VoOlUMC) 5 665i. ee eee Seoee tahoe rede as bee : pecs 
Initial Boiling Point at 760 mm. pr.................. 157° C. 150° C. 
Distilling below 170° C. at 760 mm. pr. (per cent)..... 60 
Distilling below 180° C. at 760 mm. pr. (per cent)..... 90 


189 “Gamble’s International Naval Stores Yearbook” (1930-31), 166. 

190 In T. Gamble, “Naval Stores,” Savannah (1921), 252. 

191 “Destructively Distilled Wood Turpentine,” Federal Specification, TT-T-806, May 
27 (1948). 
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A.S.T.M. specifications ?** differ from Federal specifications in that the 
A.S.T.M. prescribes a minimum specific gravity of 0.860 and a maximum of 
0.875. However, the A.S.T.M. is presently (1950) giving consideration to 
changing its specifications to conform with Federal specifications as regards 
specific gravity. Destructively distilled wood turpentine has a character- 
istic odor. It is a more powerful solvent than the other classes of turpen- 
tine, a fact reflected in its lower aniline point and higher kauri-butanol 
solvency value. Snider and Burstein ?* found that the value for the ani- 
line point of three samples of D.D. wood turpentine ranged from —20.8° 
to —20.0° C. They proposed that the aniline point be used to identify 
D.D. turpentine and to detect its presence as an adulterant in other classes 
of turpentine. Colledge*** reported the kauri-butanol solvency value of 
D.D. turpentine to be 82.1 by comparison with 56 for gum turpentine and 
58 for S.D.W. turpentine. Other solvents from the D.D. process were 
reported by Colledge ?* to have kauri-butanol values of 114.8 (Laksol) 
and 105.0 (D.D. dipentene). 

Chemical Composition—D.D. wood turpentine is produced in several 
types of retorts and under quite diversified operating conditions. There- 
fore, the composition varies. Only fragmentary analyses of various D.D. 
wood turpentine may be found in the literature.1°*1*7 No comprehensive 
analysis of D.D. wood turpentine has been reported. According to Bain,!** 
the various D.D. wood turpentines differ quantitatively with respect to 
composition, but are all very similar qualitatively. Analysis of a sample 
carefully fractionated by Bain in a six-foot Stedman column demonstrated 
that D.D. wood turpentine is an extremely complex mixture, containing 
more than a dozen compounds, indicated by breaks in boiling point, re- 
fractive index, specific gravity and kauri-butanol solvency test curves. 
Dipentene and p-cymene were major components. No £8-pinene was pres- 
ent and not more than 10 per cent (probably much less) of a-pinene. 
a- and 8-Pyronene, which are found on pyrolysis of turpentine, were doubt- 
less present. 

Use.—D.D. wood turpentine, which usually brings a lower price than the 
other classes of turpentine, finds use as an industrial solvent. D.D. dipen- 
tine is employed as an anti-skinning agent, as a pigment-dispersing agent, 
192 “1949 Book of AS.T.M. Standards, Part 4,” American Society for Testing Materials, 

Philadelphia (1950), 196. 

198 Ind. Eng. Chem., Anal. Ed. 16 (1944), 603. 

194 Paint Ou Chem. Rev. 95, No. 10 (1933), 13. 

195 Ibid. 

196 Veitch and Donk, U.S. Dept. Agr., Bur. Chem., Bull. No. 144, December (1911). 
197 Hawley, U. S. Dept. Agr., Forest Service Bull. No. 105, January (1913). 


198 Private communication from Dr. J. P. Bain, Technical Director, Naval Stores 
Division, The Glidden Co., Jacksonville, Fla. (1950). 


Google 








AMERICAN TURPENTINES 307 


and for reclaiming rubber. D.D. pine oil serves in ore flotation, in wetting 
pigments for grinding and for promoting proper flow of enamels, and in 
disinfectant compositions. The chief use for pine tar is as a rubber- 
compounding ingredient. It is also employed to impregnate oakum and 
paper bags for garment storage, and in medicinal and disinfectant prepara- 
tions such as soaps and salves.?* 

A monograph on D.D. pine tar and another on rectified oil of tar are 
included in the twelfth revision of the United States Pharmacopoeia.?” 
The U.S.P. requires that the tar be heavier than water and that the recti- 
fied oil of tar have a specific gravity not less than 0.960 and not more than 
0.990 at 25° C. Rectified tar oil is produced by steam distillation of pine 
tar. The more volatile fractions are separated; then a fraction of the dis- 
tillate meeting specifications for rectified tar oil is collected. This fraction 
represents only about 5 per cent of the crude pine tar. It contains about 
25 per cent of phenols and 40 per cent of hydrocarbons; the remainder 
consists of terpene alcohols corresponding to those found in pine oil. Fed- 
eral specifications for pine tar 7°! require that not more than 2 per cent (by 
volume) shall distill below 170° C. and not less than 70 per cent below 
365° C., and that the viscosity shall be not less than 1,400 centipoises 
nor more than 2,300 centipoises at 30° C. 


IV. Sulfite Turpentine 


This turpentine (sometimes called spruce turpentine, and not an officially 
recognized turpentine), is not produced commercially in the United States 
today; it differs in composition from all other turpentines. It has attracted 
a great deal of interest at various times; for example, Collins 7°? in a review 
of the literature on sulfite turpentine lists 103 references. Sulfite turpentine 
is a by-product in the production of wood pulp by the acid-sulfite pulping 
process. The chief component is p-cymene. Although some p-cymene was 
recovered from this source on a commercial scale in Germany during World 
War I, it appears never to have been recovered on other than an experi- 
mental scale in the United States. 

The yields of sulfite turpentine reported by various investigators differ 
enormously but appear to be consistently small. In a tabulation of findings 
by sixteen investigators, Collins 2° lists six of these as reporting less than 


199 Bain, “Naval Stores Review 1949 International Yearbook,” H. L. Peace Publications, 
New Orleans, La. (1949), 101. 

200 “The Pharmacopoeia of the United States of America,” Twelfth Revision, Mack 
Printing Co., Easton, Pa. (1942), 366, 333. 

201 “Tar; Pine, Technical Grade,” Federal Specification, JJJ-T-121, April 1 (1942). 

202 Paper Ind. and Paper World 27 (1945), 537, 719. 

203 Jbid., 538. 
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1 lb. per ton of pulp (one reports 0.2); four from 1 to 3 lb., five from 3 to 
8 lb., and one reporting 10 to 30 lb. Although p-cymene is the principal 
component of sulfite turpentine, the proportion observed ranging from 
about 70 to 90 per cent, this turpentine also contains dipentene, borneol, and 
sesquiterpenes.?* 


204 Wise, tbid. 24 (1943), 1223. 
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OIL OF SCIADOPITYS VERTICILLATA (THUNB.) SIEB. 
ET ZUCC. 


(“Oil of Kinsho”—“Oil of Koyamaki”) 


The trunk and roots of Sciadopitys verticillata (Thunb.) Sieb. et Zucc. 
(fam. Taxodiaceae), the ‘Umbrella Pine”—“Koyamaki” in Japanese—con- 
tain an essential oil which can be obtained by steam distillation under 
pressure. About 20 tons of the oil are distilled yearly in Japan; the chief 
area of production, since the end of World War II, has been the section 
around Mount Kaya, in the Prefecture of Wakayama. 

A commercial sample of kinsho oil examined by Fritzsche Brothers, Inc., 
New York, exhibited these properties: 


Specific Gravity at 15°/15°.......... 0.938 

Optical Rotation. .................. — 5° 30’ 

Refractive Index at 20°............. 1.5047 

Acid Number..................005. 1.3 

Ester Number..................00- 3.0 

Ester Number after Acetylation...... 31.9 

Cedrol Content.................... 12.9% 

Solubility at 20°.................05. Soluble in 4.5 to 5 vol. and 


more of 95% alcohol 


The odor of the oil was “woody,” similar to that of American cedarwood 
oil, but more terpene-like (due to the much lower content of cedrol). 

According to Kawamura,’ the chief constituent of kinsho wood oil is 
cedrol—whence the use of the oil as an odor, fixative in perfumes and in 
the scenting of soaps. Cedrene is also present, but no diterpene hydro- 


carbons. 
In the leaf oil (which is not produced commercially), the following com- 


pounds have been identified: 

d-a-Pinene. Observed by Kawamura, and by Nishida and Uota.? 
A Diterpene, Podocarprene. (Kawamura, and Nishida and Uota.) 
A Diterpene, CooHs2. Noted by Kawamura. 

Sciadopitene, CaoHs2. Reported by Nishida and Uota. 


1 Bull. Imp. Forestry Expt. Sta. Tokyo No. 31 (1931), 93. Chem. Abstracts 26 (1932), 


4679. 
2J. Agr. Chem. Soc. Japan 11 (1935), 489; 12 (1936), 308. Chem. Abstracts 29 (1935), 


6590; 80 (1936), 6356. 
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In the ¢wg oil, Kawamura reported the presence of: 
a-Pinene, Cedrene, and Cedrol. 


An oil distilled from leaves and twigs by Nishida and Uota contained a 
crystalline diterpene, scradopitene (phyllocladene). 

For details of the diterpenes above, see the Diterpene Table, opposite 
page 126, Vol. II of the present work. 


OIL OF CRYPTOMERIA JAPONICA (L.f.) D. DON 
(“Oil of Sugi’’) 


Cryptomeria japonica (L.f.) D. Don (fam. Tazodiaceae), called “Sugi” 
in Japanese, grows wild and abundantly in the mountainous regions of 
Japan; it has also been planted extensively. The term “Japanese Cypress” 
or “Japanese Cedar” by which this tree is occasionally designated in occi- 
dental literature, originates from the former botanical classification Cu- 
pressus japonica L. 

The wood of Cryptomena japonica (L.f.) D. Don is one of the most 
important Japanese building and construction materials. Since ancient 
times it has also been employed for the making of barrels for “Sake,” a 
kind of beer or wine made from rice. Sugi wood is said to impart its char- 
acteristic aroma to this popular beverage. For the same reason tinctures 
of the wood, or solutions of its essential oil, are used for the flavoring of 
sake. 

Commercial sugi oil consists almost exclusively of root ou; this is dis- 
tilled from old roots and stumps dug up thirty to fifty years after the trees 
have been felled. 


A. Root Oil 


According to Hiraizumi,: the stumps and roots are reduced to chips and 
charged into wooden barrel stills (“Koshiki”) of the same type as those 
used in Japan for the production of camphor and camphor oil (cf. Vol. IV 
of the present work, p. 266). Distillation of sugi wood closely resembles 
that of camphor wood, except that spiral condensers are used. The cumber- 
some box condensers required for the separation of camphor from camphor 


1The author is greatly obliged to Dr. Teikichi Hiraizumi, Tokyo, for much of the 
information contained in this monograph. 
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oil are unnecessary in the case of sugi oil. After 3 hr. of distillation of sugi 
wood the flow of the condensate diminishes gradually; distillation is then 
interrupted, the charge removed from the still, dried, and returned to the 
still for further distillation. If the material is not taken out and dried, the 
heavier and higher-boiling portions of the oil do not pass over, for the 
simple reason that during the first hours of distillation excessive wetting of 
the chips under the influence of low pressure steam takes place. As a 
matter of fact, native distillers have learned from experience that moist 
wood (wetted by rain for example) never yields its full amount of essential 
oil. Even with dry chips the yield of oil in the old-fashioned barrel stills 
(“Koshiki”) seldom exceeds 1.5 per cent. Recently a progressive producer 
installed modern steam stills, operating with direct steam of 7.5 atm. pr. 
With this equipment he has been able to obtain yields of oil as high as 5.5 
per cent; moreover, the exhausted chips can be utilized in the pulp industry. 
However, practically all producers still use the old ‘“‘Koshiki” system. 

Centers of sugi oil production lie in the Prefectures of Ko-shi and Toku- 
shima on Shikoku Island. Although large quantities of wood from roots 
and stumps are available, total production of sugi oil amounts to only 15 
to 20 metric tons per year. 

Physicochemical Properties.—The volatile oil derived from the roots of 
Cryptomeria japonica (L.f.) D. Don is a viscous colorless to yellow or light 
green liquid, with a “woody” odor. According to Gildemeister and Hoff- 
mann,” the oil has the following properties: 


Specific Gravity at 15°.............. 0.9325 to 0.9453 

Optical Rotation. .................. —8° 20’ to —23° 0’ 

Refractive Index at 20°............. 1.50910 to 1.51075 

Acid Number............-..220004- Up to 0.3 

Ester Number.................00-- 0.9 to 9.3 

Ester Number after Acetylation...... 36.4 to 57.9 

SoOlDUY sa. cisctrdei Har gantectereanat Usually not clearly soluble in 90% alcohol, not 


even in 10 vol. Usually miscible in 95% 
alcohol, in every proportion 
Boiling Range at atm. pr............ 270° to 300° 


Steam-distilling sugi roots, S. Kimura and Mizoshita? obtained an oil 
exhibiting these values: 


Specific Gravity at 25°/4°........ 0.936 
Specific Optical Rotation......... — 16° 42’ 
Refractive Index at 25°.......... 1.508 

Acid  NUmbeP .2:0s54.44:4-eca-<sastens 0.9 

Ester Number.................. 8.9 

Boiling Range at 754 mm......... 255° to 285° 


2“Die Atherischen Ole,” 3d Ed., Vol. II, 222. 
3 Mem. Coll. Sci. Kyoto Imp. Univ. Ser. A., 14 (1931), 273. 
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Sugii and Sengoku * submitted sugi root oil to fractional distillation and 
reported the following boiling range (at 1 mm. pressure): 


Per Cent 

89°-94°. 0... 19 

POG shes ek eee 28 
96°-99°............. 17 
99°-105°............ 16 
105°-112°........... 8 
112°-118°........... 10° 
118°-130°........... 1.4 


A commercial sample of sugi oil analyzed in the laboratories of Fritzsche 
Brothers, Inc., New York, had these properties: 


Specific Gravity at 15°/15°.......... 0.943 

Optical Rotation................... — 28° 54’ 

Refractive Index at 20°............. 1.5088 

Acid. Numbers c4 boon see eee onxe 0 

Ester Number.................005- 11.4 

Ester Number after Acetylation...... 69.4 

Solubility at 20°.................08. Soluble in 8 vol. and 
more of 90% alco- 
hol 


The odor of the oil was somewhat ‘‘woody” and slightly reminiscent of 
the ionones. 

Chemical Composition.—The volatile 011 obtained by steam distillation of 
the roots of Cryptomeria japonica has been the subject of several investi- 
gations carried out over a period of about thirty years. Results of the 
earlier research, however, were none too conclusive, because various workers 
assigned different terms to compounds probably identical. It was only in 
1932 that S. Kimura and Mizoshita ® succeeded in bringing some order into 
the confused picture. These authors found that an oil investigated by 
them consisted of: 


54% of sesquiterpenes bi7 140°-155° 
38% of sesquiterpene alcohols by 145°-150° 
6% of residue and tar 


Almost thirty years previously, Keimatsu ® had isolated a sesquiterpene 
b. 267°, [a]p +18° 55’, apparently related to cadinene; this he named 
cryptene. A few years later, H. Kimura’ investigated a sugi root oil boil- 
ing chiefly between 150° and 160° at 17 mm. pr. In this oil H. Kimura 
J. Pharm. Soc. Japan 61 (1931), 197. 

5 Mem. Coll. Sct. Kyoto Imp. Univ. Ser. A., 14 (1931), 273. 


6 J. Pharm. Soc. Japan (1905), 189. 
7 Ber. deut. pharm. Ges. 19 (1909), 372. Chem. Zentr. (1910), I, 274. 
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identified cadinene by means of its dihydrochloride m. 117°-118°. Another 
sesquiterpene, which he isolated from the oil (biz 150°-160°), H. Kimura 
named suginene, [a]p —10° 34’; this yielded only a liquid hydrochloride 
addition compound. H. Kimura also noted the presence of a sesquiterpene 
alcohol by 162°-163°, [«]p —37° 5’, to which he assigned the name cryp- 
tomeriol. On purification by means of its xanthogenate, cryptomeriol 
appears to undergo molecular rearrangement, with the formation of iso- 
cryptomeriol m. 185°-136°. 

In 1929, Wienhaus and Scholz ® isolated from sugi root oil a new sesquiter- 
pene alcohol m. 79°-80°, which they named “cryptomeradol.” Shortly 
afterward, Sugii and Sengoku? noted the presence of “machilol” in sugi 
root oil. This bicyclic tertiary sesquiterpene alcohol (m. 84°, dihydroxy 
compound m. 110°, anhydrous form m. 106°-107°, monobenzoate m. 144°- 
145°) had already been noted in other essential oils (cf. Vol. II of the 
present work, p. 758). Sugii and Sengoku claimed that “cryptomeradol” 
and “machilol” are identical, and suggested that the former term be 
abandoned. In 1931, however, Ruzicka, Wind and Koolhaas* proved 
that both “cryptomeradol” and “machilol” are actually eudesmol, the 
B-isomer of ‘this last compound predominating (cf. Vol. II of the present 
work, p. 274). 

The most recent investigation of sugi root oil is that of 8S. Kimura and 
Mizoshita ?? (see above), who isolated from it a sesquiterpene CisH2, 
bss 108°-114°, d25 0.9150, [«]p —22° 24’, which they named kiganene (cf. 
Vol. II of the present work, p. 748). The results obtained by hydrogena- 
tion and oxidative degradation of this substance led S. Kimura and 
Mizoshita to the conclusion that kiganene possesses one of the following 
structural formulas: 


ae 
A A 
Aside from the sesquiterpene kiganene, S. Kimura and Mizoshita,"™ also 


isolated from the oil a sesquiterpene alcohol C1;5H2.0, by 145°-150°, 
d25 0.9657, [«]p —6° 20’, which they named kiganol (cf. Vol. II of the pres- 


8 Ibid. 

9 Ber. Schimmel & Co., Jubildums Ausgabe (1929), 275. 
10 J, Pharm. Soc. Japan 61 (1931), 196. 
11 Helv. Chim. Acta 14 (1931), 1178. 
12 Mem. Coll. Sct. Kyoto Imp. Univ. Ser. A., 14 (1931), 273. 
18 Ibid. 
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ent work, p. 757). In the opinion of S. Kimura and Mizoshita this ses- 
quiterpene alcohol has one of the following configurations: 


OH Jhon 


Use.—In Japan the oil derived from the root of Cryptomeria japonica is 
used as an odor fixative in perfumery, as a substitute for cedarwood oil, 
and occasionally as an adulterant of ionone. In Europe and America the 
oil is comparatively little known, despite occasional offers from Japan. 


B. Leaf Oil 


The leaves of Cryptomeria japonica (L.f.) D. Don, the Japanese “Sugi,” 
contain a volatile oil of some interest to the essential oil chemjst. For this 
reason it has been investigated quite thoroughly by Japanese researchers. 
The oil is not produced commercially, however. 

Physicochemical Properties.—The oil derived by steam distillation of 
sugi leaves is a mobile, yellow-brown liquid of strong and aromatic odor. 
It boils between 155° and 350° at atmospheric pressure. Distilling fresh 
sugi leaves, Uchida ** obtained 0.7 per cent of an oil with these properties: 


Specific Gravity at 15.5°/15.5°.......... 0.9217 
Specific Optical Rotation (in 10% Chloro- 

form Solution) at 15°. ............... +19° 18’ 
Refractive Index at 20°................ 1.4895 
Acid Number............ 02.0.0 cence 1.0 
Ester Number.............. 0002 ce eee 6.56 
Ester Number after Acetylation......... 14.35 
Boiling Range at atm. pr.: 

VBS 100? os sess eared ewarenra anne 33% 

100 S230 is cock oeeeicaed ww Solae aiace 4% 

230 ZIG osha Sade $08 ee RS 4% 

774 | ees 9 0 he ee ee ae 28% 

B10 7300 io utkaaseagt hak ele aee aere's 23% 


Chemical Composition.—The chemical composition of sugi leaf oil has 
been investigated quite thoroughly by Uchida,?® and Uchida and Murata,'® 
who reported the presence of the following compounds: 

14 J, Am. Chem. Soc. 88 (1916), 694. 


15 Ibid. 
16 J, Soc. Chem. Ind. Japan 40 (1937), Supplementary Binding, 159. 
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Terpenes CoH. (34%). Dipentene, chiefly; d-c-Pinene, smaller amount. 


Terpene Alcohol CioHis0 (4.5%). Odor reminiscent of camphor and peppermint. 
B. 212°-214°, di§ 0.9414, [alp +56° 4’ (in 8.98% CHCl, solution), ni? 1.4832. 
The alcohol could not be acetylized completely. 


Sesquiterpenes C;;Ha, (30%). Chief fraction b. 266°-268°, dj38 0.9335, [alp +15° 11’ 
(in 6.08% CHCls solution), n??-* 1.5041; dihydrochloride liquid. 
Cadinene, small amount in the fraction b. 272°-275°. 


Sesquiterpene Alcohols CysH2.0 (12%). Sesquicryptol (cf. Vol. II of the present work, 
p. 759) m. 49°-51°, beo 172°-174°, [al22 +22° 43’. 


Diterpenes CooH32 (18%). Chiefly a-cryptomerene m. 61° (cf. Vol. II of the present 
work, p. 126, Table). 


Another investigation of sugi leaf oil was carried out by Noda,’ who 
noted that his oil (d!% 0.8785, a2 +8° 43’, nl> 1.4765, ester number 9.01, 
ester number after acetylation 31.15) contained these compounds: 


d-a-Pinene (50%). 

d-Camphene (15%). 

A Sesquiterpene (10%). 

d-a-Terpineol (small quantities). 
Sesquiterpene Alcohols (small quantities). 
A Compound C19Hi60z. 

Caprylates (2 to 3%). 

Free Acids (0.09%). 

A Phenol (0.09%). 


Use.—Oil of sugi leaves has not found any practical use; it is not pro- 
duced commercially. 


117 Waseda Applied Chem. Soc. Bull. 18 (1932), 6 (English Abstracts 5A). Chem. 


Abstracts 27 (1933), 565. Waseda Applied Chem. Soc. Bull. 20 (1933), 18. British 
Chem. Abstracts B (1934), 301. 
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CHAPTER XXII 


ESSENTIAL OILS OF THE PLANT FAMILY CUPRESSACEAE 
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OIL OF CALLITROPSIS ARAUCARIOIDES COMPT. 
(Oil of Araucaria) 


The essential oil produced and offered by a firm in Western Australia 
under the name of “Oil of Araucaria” was formerly thought to be derived 
from a plant species similar to Araucaria cooku R. Br.;* hence the com- 
mercial term “Oil of Araucaria” which is still in use. In 1927 Welch? 
reported that the oil is actually distilled from the wood of Callitropsis 
araucarioides (fam. Cupressaceae), a species first described by Compton * 
in 1922. The plant resembles the trees of species belonging to the genus 
Callitris, native to Australia. In fact, the genera Callitropsis and Calltris 
exhibit certain affinities, but are undoubtedly distinct. 

Callitropsis araucarioides Compt. appears to be confined to a single 
limited locality in New Caledonia, where it grows on serpentine rock at an 
elevation of about 800 ft., near the Riviére de Carénage. It attains a height 
of approximately 30 ft. 

On steam distillation, the wood of the tree yields from 6 to 7 per cent 
of essential oil. Distilling samples of imported fresh and weathered wood, 
Schimmel & Co.‘ obtained 10.5 and 11.7 per cent, respectively, of oil. 

Physicochemical Properties.—The oil derived from the wood of Calli- 
tropsis araucarioides Compt. is a dark yellow-green to reddish, very viscous 
liquid, or a semisolid, grainy mass resembling semicrystalline honey. The 
odor of the oil is pleasant, balsamic, and slightly rose-like, somewhat remi- 
niscent of guaiac wood oil. 

The two oils distilled from fresh wood (I), and from weathered wood 
(II)—see above—had these properties: 


I II 
Specific Gravity at 15°............ 0.9756 0.9742 
Optical Rotation. ................ +4° 10’ +8° 5’ 
Refractive Index at 20°........... 1.51139 1.51520 
Acid Number.................... 10.2 8.4 
Ester Number................... 24.3 46.7 
Ester Number after Acetylation.... 177.3 186.7 
Total Alcohol Content, Calculated 
as CisHopD. ee ee 81.1% 86.0% 
Solubility............ 0.00.00 e eee Soluble in 1.1 vol. and 
more of 80% alcohol 


1 Ber. Schimmel & Co. (1926), 5; (1927), 4. 

2 Perfumery Essential Oil Record 18 (1927), 335. 

8 J. Linnaean Soc. 14 (1922), 432. 

4 Gildemeister and Hoffmann, “Die Atherischen Ole,” 3d Ed., Vol. II, 236. 
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Two commercial oils from Western Australia examined by Schimmel & 
Co.® exhibited the following values: 


I II 
Specific Gravity at 15°............ 0.9812 0.9776 
Optical Rotation. ................ +26° 0’ +16° 2’ 
Refractive Index at 20°........... 1.51048 1.50882 
Acid Number..................4. 2.6 2.2 
Ester Number...............00.- 5.6 15.9 
Ester Number after Acetylation.... 164.3 175.5 
Total Alcohol Content, Calculated 
as CygsHoO.. 6... ee eee 74.3% 80.1% 
Solubility in 70% Alcohol......... Soluble in Soluble in 
3.2 vol. 4 vol. 
and and 
more more 


Penfold and Morrison,® who were the first to distill the oil experimentally, 
noted properties varying within these limits: 


Specific Gravity at 15°/15°.......... 0.9606 to 0.9684 
Optical Rotation. .................. +6° 54’ to too dark for de- 
termination 
Refractive Index at 20°............. 1.5131 to 1.5181 
Ester Number..................055 64.5 to 92.15 
Ester Number after Acetylation...... 171.54 to 207.28 
BOMIDIUICY aco) od cah ie ccauecered eas Soluble in 1.4 to 1.6 vol. of 
70% alcohol 
Boiling Range at 10 mm. pr.: 
T0800 180 on Soe Gute tena ont 5% 
130? W140? ek os see oe dan fees 8% 
T4010 150 ccd weesindd beans 23% 
1508 00 165" aio dasawenwe ade eedetcs 60% 


Chemical Composition.—The chemical composition of oil of Callitropsis 
araucarioides Compt. has been investigated by Penfold and Morrison,” and 
Cahn, Penfold and Simonsen,* who reported the presence of the following 
compounds: 


Eudesmol. The chief constituent, the oil containing from 50 to 70 per cent of eudesmol 
m. 79°-80°, [a]%2 +37° 48’. (Cf. Vol. II of the present work, p. 274.) 


Eudesmene(?). The sesquiterpene observed in the oil by Penfold and Morrison was 
probably eudesmene (cf. Vol. II of this work, p. 109). 


Phenols(?). According to the same authors, the oil contains about 1 per cent of 
phenols, which were not identified, however. 
5 Ber. Schimmel & Co. (1929), 4. 
6 Perfumery Essential Oil Record 16 (1925), 3, 41, 78. 
7 Ibid. 
8 J. Chem. Soc. (1931), 3134. 
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Geranyl Dehydrogeranate. Cahn, Penfold and Simonsen found that the acid 
O190H 1402, m. 183°-184°, first observed i in the oil by Penfold and Morrison, is de- 
hydrogeranic acid. (Ct. Vol. II, p. 589.) It occurs in the oil esterified with 
geraniol. 


Use.—Oil of Callitropsis araucarioides Compt. is used as an excellent odor 
fixative, particularly in the scenting of cosmetics and soaps. In this re- 
spect it resembles oil of guaiac wood. 


OIL OF THUJOPSIS DOLABRATA (L-.) SIEB. ET ZUCC. 
VAR. HONDAI MAK. 


(“Oil of Hiba”) 


Thujopsis dolabrata (L.f.) Sieb. et Zuce. var. hondat Mak. (fam. Cupres- 
saceae), a tree particularly abundant in the Prefecture of Aomori in Japan, 
supplies a lumber highly esteemed for its resistance to the attacks of cer- 
tain fungi, Merulius lacrymans (Wulf.) Schum. and Polyporus gilvus Schw. 
among them. This property makes the wood of Thujopsis dolabrata (also 
known as “False Arborvitae,” or “Hiba” in Japanese) very durable in the 
ground or under water, hence most useful in general construction work for 
the building of bridges, houses, docks and ships. The wood owes its fungi- 
cidal action to the presence of an essential oil that can be isolated by 
steam distillation. ; 


A. Ow of Hiba Wood 


The oil is produced commercially in Japan, chiefly in the Prefecture of 
Aomori. Total production per year varies from 3 to 5 metric tons. Ac- 
cording to Hiraizumi? the oil is obtained by steam distillation of trunk 
wood shavings and of sawdust, the yield of oil ranging from 1.0 to 1.5 
per cent. 

A sample of commercial hiba oil examined by Fritzsche Brothers, Inc., 
New York, exhibited the following properties: 


Specific Gravity at 15°/15°.......... 0.944 
Optical Rotation................... — 44° 48’ 
Refractive Index at 20°............. 1.5059 
Acid Number...............e0eeeee 0 


1§. Uchida, J. Soc. Chem. Ind. Japan $1 (1928), 501. Chem. Abstracts 22 (1928), 3732. 
2 Private communication from Dr. Teikichi Hiraizumi, Tokyo. 
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Ester Number.................0005 3.9 

Ester Number after Acetylation...... 30.9 

Solubility at 20°.................... Slightly hazy in 10 vol. of 
95% alcohol 


The odor of the oil was “woody,” slightly reminiscent of cedarwood oil. 
S. Uchida® reported these properties for a sample of hiba oil distilled 
from wood shavings (yield 1.08 per cent): 


Specific Gravity at 22°/15°. ... 0.0... cee. 0.9574 
Specific Optical Rotation (in 17.23% chloroform 

BONO) si 4 sds Me redauncnd eceeok ace wok — 26° 43’ 
Refractive Index at 22.7°........ 0.0.0.0... cee eee 1.5110 
Acid’ Number, adcndaccc0.d da out ee eSeeved aw awe 5.62 
Ester Number............... 0c. cee ee cece eeees 11.97 
Boiling Range.............. 0000 ccc cece e eee ees 256° to 295° 


In the oil he investigated, S. Uchida * observed the presence of an (un- 
identified) optically inactive, tricyclic sesquiterpene CysHa» (b. 261°-262°, 
doos 0.9458, is2" 1.5055). 

In 1930 Kawamura ® isolated from hiba wood oil a substance Cy9H120z, 
called hinokitiol. This isopropy] cycloheptatrienolone occurs also in hinoki 
root oil (cf. the monograph on “Oil of Chamaecyparis obtusa [Sieb. et 
Zucc.] Endl. p. 346), and is the active principle responsible for the bac- 
tericidal and bacteriostatic action of these two oils (Katsura °). 

The acidic portions of hiba wood oil are now used in Japan for the com- 
mercial isolation of hinokitiol; the neutral portions serve for the scenting 
of soaps. 


B. Ou of Hiba Leaves 


Like the wood, the leaves of the hiba tree contain a volatile oil that can 
be isolated by steam distillation. However, this oil is not produced com- 
mercially. 

Steam-distilling hiba leaves, S. Uchida’ obtained 0.83 per cent of an oil 
with these properties: 


Specific Gravity at 26°/15.5°........ 0.8857 
Specific Optical Rotation............ +27° 40’ 
Refractive Index at 27°............. 1.4729 
Acid Numb? iicce dion ees ouesceses 3.76 
Ester Number............-0. 0c eees 29.12 
Ester Number after Acetylation...... 113.2 


8 J. Soc. Chem. Ind. Japan $1 (1928), 501. Chem. Abstracts 22 (1928), 3732. 
4 Ibid. 

5 J. Bull. Imp. Forest Expt. Sta. (Japan) $30 (1930), 59. 

6 Medical Time (Tokyo) 8, No. 10 (August 1948), 29. 

7 J. Soc. Chem. Ind. Japan 81 (1928), 491. Chem. Abstracts 22 (1928), 3732. 
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The oil had the following composition: | 


Terpenes (about 50%). Sabinene and some dipentene. 
Terpene Alcohols (22%). Sabinol and some borneol. 
Esters (10%). Sabinyl acetate and some borny] acetate. 


A Diterpene CayH32 (138%). Tetracyclic, b. 336° (cf. Vol. II of the present work, p. 126, 
Table). 


A Sesquiterpene C;sH» (2%). Bicyclic, b. 270°-280°. 
A Sesquiterpene Alcohol (8%). Monocyclic, b. 290°-300°. 
Undecylenic Acid (0.1%). 


OIL OF THUJA 
(“Cedar Leaf Oil”—White Cedar Leaf Oil) 


Essence de Thuja Aceite Esencial Thuja Thujaol Oleum Thujae 


Thuja occidentalis L. (fam. Cupressaceae), the Eastern Arborvitae, com- 
monly called “Eastern White Cedar,” or “Northern White Cedar,” or 
“Swamp Cedar,” occurs widely in the northeastern part of the United 
States and in eastern Canada.’ The ends of the branches and adherent 
leaves contain an essential oil which can be extracted by steam distilla- 
tion. The principal producing centers of thuja oil are in the northern parts 
of New York State, with Vermont following next in importance. New 
Hampshire, Maine and the Province of Quebec (Canada) supply only small 
quantities. 

Oil of thuja, or as it is often loosely called “Cedar Leaf Oil,” must not 
be confused with cedarwood oil, i.e., the oil distilled from the wood of the 
red cedar, Juniperus virginiana L. (The leaves of the latter tree are not 
exploited industrially. The commercial term “Cedar Leaf Oil,” therefore, 
always refers to the oil derived from the leaves of the white cedar, Thuja 
occidentalis L.). 

DistillationOil of thuja is produced chiefly by farmers during their 
spare time. Since this work is not allowed to interfere with their more 
vital tasks of farming, the amount of oil to be produced in a given year 
can never be predicted. Supplies also depend to a great extent upon the 
price which the oil fetches on the New York market. The producing season 


1 Note, however, that the tree called the “White Cedar” in the New Jersey pine bar- 
rens is actually Chamaecyparis thyotdes. 
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lasts from March or April to November and even December, until snow- 
fall stops the work. In general the weather plays an important role in the 
production of thuja oil. Prices are usually at the lowest from April to 
June, because most producers start distilling the oil before their fields are 
in condition to be plowed for the planting of regular crops. 

In actual practice two or three farmers form a team, cutting and dis- 
tilling the brush that grows on a certain tract of land. In most cases a 
whole tree is felled, and the ends of the branches with adherent leaves are 
trimmed off by means of long heavy knives. Nothing is wasted; the wood 
serves as fuel, and even the distilled (exhausted) material is dried and then 
used as fuel. 

After one section has been cleaned of white cedar trees, the still and 
steam boiler are moved to another location. Thus it may often be neces- 
sary to move the equipment several times in the course of one season. 

According to Thiele,? distillation takes place in rather crude stills, the 
boiler or engine being the only modern piece of equipment. The still box 
is usually constructed of spruce planking, tongued and grooved, the planks 
being fitted tightly together. Any crevices are calked with oakum or other 
packing material so as to prevent the escape of steam. The still box is 
closed with a cover that can be raised or lowered with the aid of ropes and 
pulleys attached to a long pole. A steam-connecting pipe leads to the 
condenser, the latter usually made from piping and resembling an ordinary 
wall radiator. The condenser is enclosed in a box with an open top into 
which water is allowed to flow, if possible by gravity, or with the aid of 
either steam or hand pumps. The steam necessary in the distillation is 
generated by old boilers which have seen service as hoisting engines or, in 
some cases, even as locomotives. Instead of regular oil separators, large 
cans are occasionally employed to catch the distillate, and as the oil sepa- 
rates from the water it is scooped from the top. 

The oil thus produced is often sold in local country stores. The store- 
keepers may have to accumulate small lots from as many as ten individual 
producers before being able to ship a single drum of oil. Local dealers, as 
well as the few producers who have large quantities to offer, sell their oil 
to essential oil houses in New York where the crude product must be treated 
(elimination of traces of water by decantation and filtration) before the 
oil can be offered on the market. 

Yield of Oil.—According to Ayer,? and Risi and Brule‘ the yield of oil 
in commercial production varies between 0.6 and 1.0 per cent. Nineteen 
experimental distillations carried out in the Province of Quebec by Risi 
2 Drug Markets 26 (1930), 354. 


8 Oi Paint Drug Reptr. (June 25, 1906), 17. 
4 Am. Perfumer 48 (January 1946), 39. 
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and Brule with cedar branches and attached leaves showed an average yield 
of only 0.45 per cent. The yield of oil depends upon several factors, viz., 
the season, the age of the trees, their exposure to sunlight, and the packing 
of the distillation material in the still. It is highest in February and 
March and lowest from the middle of June to September. Risi and Brule 
found that cedar branches from a fifteen-year-old tree yielded 50 per cent 
more oil than those of a thirty-year-old tree. Comparative distillations of 
branches from isolated sun-exposed trees and from trees grown in dense 
bush revealed a higher oil content of the former. Hashed branches yielded 
30 per cent more oil than whole branches. This clearly indicates that bet- 
ter compactness of the charge prevents the steam from escaping along 
some channels of lower resistance, thus assuring a more intimate contact 
of the steam with the material. With a large charge of hashed branches 
a steam pressure of about 40 lb. per sq. in. appears to give best results. 

Studying industrial production of cedar leaf oil near Canton, New York, 
Brown © observed that the small trees are permitted to obtain a height of 
4 to 5 ft., when they are considered to be in prime condition to give the 
highest yield and best quality of oil. Older trees are not cut for oil recov- 
ery. Distillation of one charge requires 8 hr.; each batch of 2,000 lb. of 
leaf material yields about 30 lb. of oil. 

Physicochemical Properties.—Oil of thuja is a colorless to yellow or yel- 
lowish-green mobile liquid with a characteristic strong and camphoraceous 
odor, reminiscent of sage (Salvia officinalis). According to Gildemeister 
and Hoffmann,® oil of thuja has these properties: 


Specific Gravity at 15°.............. 0.915 to 0.935 

Optical Rotation. .................. —10° 0’ to —14° 0’ 

Refractive Index at 20°............. 1.456 to 1.459 

Acid: Number :.ci00%2202b4<ne ended Up to 1 

Ester Number...............-.005- 16.8 to 31.7 

Ester Number after Acetylation...... 32 to 48 

Boiling Range..................-00- 160° to 250°, the principal fraction 
distilling between 180° and 205° 

Solubility cccincxvertsaeseseieteas Clearly soluble in 3 to 4 vol. of 
70% alcohol 


Numerous commercial lots of pure thuja oil received directly from the 
producing regions and examined by Fritzsche Brothers, Inc., New York, 
had properties varying within the following limits: 


Specific Gravity at 25°/25°.......... 0.905 to 0.919, seldom below 0.910 
Optical Rotation................... — 8° 39’ to —14° 5’, usually between —10° 0’ 
and —13° 0’ 


& Drug Cosmetic Ind. 87 (1935), 587. 
6“Die Atherischen Ole,” 3d Ed., Vol. II, 239. 
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Refractive Index at 20°............. 1.4559 to 1.4590 
Ketone Content, Calculated as Thu- 
jone (Hydroxylamine Hydrochloride 
Method)........... 0. cee eee eee 55.0 to 64.3%, seldom below 60.0% 
Solubility cox c.saatvwece sete tenia Soluble in 2.5 to 4 vol. of 70% alcohol. Some- 
times cloudy in 10 vol. Usually soluble in 
3 vol. and more of 70% alcohol 


According to Brown,’ the optical rotation of cedar leaf oil (from Thuja 
occidentalis) ranges from —5° to —14°. At 70° to 80°F. 1 vol. of oil is 
clearly soluble in 3 to 4 vol. of 70 per cent alcohol. Temperatures much 
below this range may cause turbidity; this, however, should clear on warm- 
ing to 80° F. 

Nineteen lots of thuja oil produced experimentally by Risi and Brule ® 
in the Province of Quebec exhibited these properties: 


Extreme Limiis Average 
Specific Gravity at 15°.......... 0.9102 to 0.9232 0.9192 
Specific Optical Rotation........ —5° 6’ to —16° 18’ —12° 9’ 
Refractive Index at 20°......... 1.4540 to 1.4687 1.4595 
Acid Number................0. 0.71 to 1.43 0.96 
Ester Number................. 14.0 to 69.5 30.2 
Saponification Number.......... 15.4 to 70.3 31.2 
Boiling Range.................. 170° to 215° 177° to 207° 
Solubility in 90% Alcohol....... Soluble in from 0.2 to 0.6 vol.; 


on the average in 0.4 vol. 


Adulteration.—According to Brown,® adulteration of cedar leaf oil is not 
commonly practiced, analytical data revealing a quite remarkable uni- 
formity of quality and composition. However, when sophisticated, the 
most commonly used adulterants are turpentine oil, pine oil, and kerosene 
or other petroleum products. 

Chemical Composition.—The volatile oil derived from the branches and 
adherent leaves of Thuja occidentalis L. has been investigated by Jahns,’° 
Rutovski and Gusseva,"! and particularly by Wallach,'* who reported the 
presence of the following compounds: 


d-a-Pinene. In the lowest boiling fraction b. ~160° (Wallach). 


d-a-Thujone. The chief constituent of the oil, identified by Wallach (ef. Vol. II of 
the present work, p. 423). On prolonged boiling (distillation at atmospheric 
pressure) thujone is isomerized to carvotanacetone C19H1¢60. 


7 Drug Cosmetic Ind. 87 (1935), 587. 

8 Am. Perfumer 48 (January 1946), 39. 

® Drug Cosmetic Ind. $7 (1935), 587. 

10 Arch. Pharm. 221 (1883), 749, footnote. 

11 Riechstoff Ind. (1927), 185. Cf. Perfumery Essential Oil Record 19 (1928), 391. 
12 Liebigs Ann. 272 (1893), 99; 275 (1893), 182; 279 (1894), 384; 858 (1907), 213. 
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l-Fenchone. In the fraction b. 190°-200° of the oil; also identified by Wallach (cf. 
Vol. II of this work, p. 418). 


l-Borneol, Free or as Ester. In his work on /-fenchone isolated from thuja oil, Wallach 
first noted the presence of l-camphor. A renewed investigation of the oil, how- 
ever, convinced Wallach that the oil contains no l-camphor but [-borneol, either 
in free or in esterified form. (The /-camphor earlier observed was not a natural 
constituent of the oil but an artifact, obtained by oxidation of [-borneol in the 
course of the usual isolation of l-fenchone through oxidative means.) 


Acids. More recently Rutovski and Gusseva found acetic acid and tsovaleric acid in 
the saponification products of a thuja oil. 
The first runs of the oil contain formic acid and acetic acid. 


Use.—Oil of thuja is no longer used in any official medicinal preparation. 
Formerly it was employed externally as a mild counterirritant and inter- 
nally as a heart stimulant. Because of its content of thujone and fenchone, 
the action of thuja oil is similar to that of camphor. 

At present the oil is used chiefly as a constituent in pine and cedar blends 
for the scenting of technical preparations, room sprays, and deodorants of 
the wick type. 


O1L oF THusJa Woop 
(“White Cedarwood Oil”) 


The volatile oil derived from the wood of Thuja occidentalis L., the 
“Eastern White Cedar,” or “Northern White Cedar” (see above), is not a 
commercial product. A sample of “White Cedar Oil” examined by Schim- 
mel & Co." closely resembled the oil distilled from the wood of the red 
cedar, Juniperus virginiana L., large quantities of which are produced in 
the southeastern part of the United States (cf. monograph on “Oil of Cedar- 
wood”). The oil described by Schimmel & Co. had a slightly balsamic 
odor and exhibited these properties: 


Specific Gravity at 15°.............. 0.9500 

Optical Rotation. .................. — 22° 6’ 

Refractive Index at 20°............. 1.50790 

Acid: Number 35.5 Poaceae anes ates 0.9 

Ester Number..................00- 4.1 

Ester Number after Acetylation...... 29.9 

ro0) UL] | | i, 2a Soluble in about 9 to 10 vol. of 90% alcohol. 


Clearly miscible in 0.5 vol. of 95% alcohol; 
turbid and separation of oil on addition of 
more alcohol; again clearly and permanently 
soluble in 3.5 vol. and more of 95% alcohol 


On distillation at atmospheric pressure the following fractions were 
obtained: 


18 Gildemeister and Hoffmann, “Die Atherischen Ole,” 3d Ed., Vol. II, 241. 
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Per Cent 
265° to 270°......... 24 
270° to 275°......... 42 
275° to 280°. ........ 12 
280° to 290°..... Pain (a4 
Residue............. 8 


Some years ago, a firm in Norfolk, Virginia, started to produce oil from 
the wood of Thuja occidentalis L. on a commercial scale, but soon afterward 
was forced to cease operation, owing to a dearth of wood and to high prices. 
With the outbreak of World War II, however, a great number of white 
cedar trees were employed in the construction of ships for the United States 
Navy. Large quantities of wood shavings and sawdust became available 
and distillation of oil from the wood was resumed in Norfolk. 

Two types of oil were offered on the market, viz., the so-called “Oil of 
White Cedarwood, Single Distilled,” and “Oil of White Cedarwood, Redis- 
tilled.” Two samples examined in the laboratories of Fritzsche Brothers, 
Inc., New York, had these properties: 


Single Distilled Oil Redistilled Oil 
Specific Gravity at 15°/15°........ 0.966 0.961 
Optical Rotation................. —7° 22’ —9° 42’ 
Refractive Index at 20°........... 1.5085 1.5068 
Saponification Number............ 9.5 6.9 
Cedrol Content................5: 37.2% 31.2% 


Solubility in 90% Alcohol at 20°... Solublein1 vol.,cloudy Faintly opalescent in 7 
in 1.5 vol., again sol- §_ vol. Soluble in 0.5 
uble in 4.5 to 5 vol. vol. and more of 
and more 95% alcohol 


These values differ considerably from those of the oil derived from red 
cedarwood, Juniperus virginiana L. The odor of the oils distilled from the 
white cedarwood was quite pleasant. 

In late years the oil seems to have disappeared from the market, or is 
produced in small quantities only. 
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OIL OF THUJA PLICATA D. DON 


On steam distillation of the heartwood of Thuja plicata D. Don (fam. 
Cupressaceae), the so-called “‘Western Red Cedar,” Erdtman and Gripen- 
berg? obtained a volatile oil, from which they isolated dehydroperillic acid 
C1o0H1202, and a highly poisonous ketone Ci9Hi202, viz., y-thujaplicin m. 
82°. 

Dehydroperillic acid has the following formula: 


COOH 


\ 


The structure of y-thujaplicin is perhaps 


O OH 


According to Gripenberg,? «-, B-, and y-thujaplicin are unsaturated ke- 
tones occurring in the heartwood of various coniferous trees, and perhaps 
responsible for the resistance of the wood of these trees against rot. 

a-Thujaplicin m. 34° occurs only in trees grown in Sweden, the 8-isomer 
m. 52°-52.5° only in trees grown in the United States, and the y-isomer m. 
82° in trees grown in both countries. a-Thujaplicin has been synthesized by 


1 Nature 161 (1948), 719. Chem. Abstracts 42 (1948), 6772. 
2 Acta Chem. Scand. 2 (1948), 625, 639, 644. Cf. Angewandte Chemie 62 (1950), 158. 
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Nozoe, Kitahara, and Ito. All three isomers were synthesized in 1951 by 
Cook, Raphael and Scott.‘ 

Dehydroperillic acid was first isolated (and named) from the heartwood 
of the American “Western Red Cedar’ by Anderson and Sherrard.’ Re- 
cently, Kurth * noted the presence of the methyl ester of dehydroperillic 
acid in the heartwood of the American tree. The ester forms clear, water- 
white crystals, m. 34.5°-35°, and is highly fragrant. 


OIL OF CYPRESS 


Essence de Cyprés Aceite Esencial Cipres Cypressenol 
Oleum Cupressr 


Of all Cupressus species the most important one is Cupressus semper- 
virens L. var. stricta Ait. (fam. Cupressaceae), the well-known columnar, 
so-called “Italian” cypress. It has been known in Mediterranean countries 
since antiquity. The Greeks and Romans planted it on temple and burial 
grounds, and even today the tree is associated with parks and cemeteries 
in temperate countries. It is a tree of serene beauty, blending well into the 
Mediterranean landscape; its dark foliage contrasts with the lucid sky, and 
etches delicate silhouettes against the blue sea. 

Formerly this cypress was classified as Cupressus sempervirens var. pyra- 
midalis Nymann, C.s. var. fastigiata Hansen, C. fastigiata DC., or simply 
as C. sempervirens L. It must not be confused with the more broadly 
pyramidal variety, viz., Cupressus sempervirens var. horizontalis (Mill.) 
Gord. The latter is also frequently grown in Mediterranean and other 
warm countries, often side by side with the var. stricta, but it yields an 
essential oil quite inferior to that of the var. stricta (see below). 

Large stands of Cupressus sempervirens var. stricta Ait. are found in 
Algeria (North Africa), and in a section called “La Crau,” between Salon 
and Arles, in Provence (Southern France). Here the trees have been 
planted for a long time to protect fields against the mistral, a strong and 
cold north wind which descends the Rhéne Valley occasionally, and may do 
great damage to crops. However, var. horizontalis is a quicker growing 
tree than var. stricta, for which reason the farmers now prefer to plant the 
8 Proc. Japan. Acad. 26, No. 7 (1950), 47. Cf. Sctence of Drugs (Japan) 8 (1949), 172. 

Chem. Abstracts 45 (1951), 7099. 


4J. Chem. Soc. (1951), 695. 8 Ibid. 72 (1950), 5778. 
5 J. Am. Chem. Soc. 85 (1933), 3813. 
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former variety, and the number of the latter is gradually diminishing. The 
trees of the variety stricta still existing in “La Crau’’—and there are many 
left—have now attained an age of fifty or sixty, and even one hundred, 
years. Every four or five years their tops must be pruned to prevent them 
from growing too high, which would expose the trees to the danger of 
uprooting under the heavy blows of the mistral. The pruning is usually 
done from mid-October to April. The terminal branches and leaves thus 
obtained are sold to distillers. There is a distillery in Noves (between 
Avignon and Salon) specializing in the local production of cypress oil; the 
plant material has also been trucked to Grasse (A.M.) for distillation, 
obviously a costly procedure. When purchasing terminal branches and 
leaves, the distillers have to guard against admixed material from the var. 
horizontalis, which is pruned by the farmers at the same time, and which 
yields a poor quality of oil. 

Distillation, Yield, and Quality of Oil.—The yield, quality, and physico- 
chemical properties of the oil depend upon the condition of the plant ma- 
terial, and the method and length of distillation. Only terminal (young) 
branches and adherent leaves of var. stricta should be used. All species of 
Cupressus other than sempervirens, and all varieties of the latter species 
other than stricta yield essential oils, the odor, physicochemical properties 
and chemical composition of which differ widely from those of C. semper- 
virens var. stricta. Several attempts have been made to produce so-called 
cypress oils in other parts of the world, in Central America for example, 
but none of these oils can be compared with the true cypress oil, derived 
from the leaves of the “Italian Cypress.” 

Woody branches should be eliminated from the distillation material. 
Distilling the wood of Cupressus sempervirens L., Chiris! obtained an oil 
with physicochemical properties (dis 0.9538, ap + 5° 32’, np 1.4995, acid 
number 1.4, ester number 23.15, ester number after acetylation 40.68, solu- 
ble in 2 vol. of 85 per cent alcohol) which differed substantially from those 
of the leaf oil. 

Pigulevski and Fichtenholz*? found that the age of the branches influ- 
ences the properties and composition of the oil. Young branches yield an 
oil with a lower specific gravity and higher optical rotation than those of 
the oil from old branches. 

The yield of oil from fresh terminal branches and leaves averages 0.2 
per cent; it may be higher from dried material. 

The quality of the oil depends to a great extent upon the length of dis- 
tillation or steam pressure used. To obtain a high grade oil, a charge of 
600 kg. should be distilled, with direct steam of low pressure, for not less 
than 17 hr. With steam of higher pressure, the time may be shortened. 


1 Parfums France 14 (1936), 103. 2J. Russ. Phys. Chem. Soc. $1 (1919), 87. 
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but then care must be exercised not to impair the odor of the oil. Oil of 
cypress owes its merits (medicinal properties, ambergris-like odor of the 
evaporation residue, and fixative value) primarily to the high boiling con- 
stituents, but these are not easily volatile and can be recovered only by 
very long distillation. With a charge of 600 kg. of plant material in the 
still, about one-half of the oil will distill over within the first 3 hr. Then 
the rate of distillation decreases, and toward the end only about 30 g. of 
high boiling fractions will distill over per hour. These fractions, however, 
contain the most valuable components. The specific gravity of the frac- 
tions increases as distillation proceeds; for example: 


Specific Gravity 
Hours of Distillation at 15° 
DAO oa icaien See ae 0.870 
BO 10 ececawelsien ed 0.876 
TOO AS steed ee aon 0.880 
US 00102 sc 2c ke cecwewsens 0.885 
TSO (a kcwear tee eee 0.890 


The complete oil obtained in this case had a specific gravity of 0.877 at 
15°. 

The specific gravity of the oils produced in spring is usually lower than 
that of the late fall or winter oils, because in spring the branches contain 
many new shoots and leaves. 

Physicochemical Properties.—The volatile oil derived from the young 
branches and adherent leaves of Cupressus sempervirens var. stricta Ait. is 
a yellowish liquid with an odor characteristic of the leaves themselves. 
On evaporation on a test paper, the originally terpene-like odor of the oil 
changes to a most pleasant, lasting ambergris- and labdanum-like note. 

According to Gildemeister and Hoffmann® the oils formerly (but no 
longer) produced in Germany exhibited a higher specific gravity and a 
lower optical rotation than the French and Algerian oils. 

Gildemeister and Hoffmann ‘ reported the following properties for cypress 
oils from Germany (I), France (II), and Algeria (III): 


I II Ill 
Specific Gravity 
GUS ascend 0.88 to 0.90 0.868 to 0.884 0.8696 to 0.8835 
Optical Rotation. +4°0’ to +18°0’  +7°30' to +31°0’ +22°18' to +31° 0’ 
Refractive Index 


aU 20° fie cdvns 1.474 to 1.480 1.471 to 1.476 1.46974 to 1.47593 
Acid Number.... 1.5 to 4.0 Up to 2 Up to 0.8 
Ester Number.... 13 to 22 3 to 17 11 to 32 
8 “Die Atherischen Ole,” 3d Ed., Vol. IT, 246. 
4 Ibid. 
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I IT IIT 
Ester Number af- 
ter Acetylation. 27 to 51 9 to 32 16.8 to 35.5 
Solubility in 90% 

Alcohol........ Soluble in 2 to 7 vol. Soluble in 4 to 7 vol., Soluble in 6 to 8 vol., 
and more, occa- occasionally with eventually with 
sionally with sligh slight turbidity slight turbidity. 
turbidity Not clearly solu- 

ble in 10 vol. 


Genuine oils of cypress produced in Southern France, and examined by 
Fritzsche Brothers, Inc., New York, had properties varying within these 
limits: 


Specific Gravity at 15°/15°...... 0.870 to 0.891, old oils as high as 0.907 
Optical Rotation............... +4° 32’ to +29° 20’ 

Refractive Index............... 1.4740 to 1.4821 

Saponification Number.......... 5.1 to 19.6 

BoliDINGY sci acess Avese vee ee Soluble in 5.5 to 10 vol. of 90% alcohol. 


Sometimes turbid in 10 vol. 


Chemical Composition.—The chemical composition of the volatile oil de- 
rived from the young branches and adherent leaves of Cupressus semper- 
virens var. stricta Ait. has been investigated by Schimmel & Co.® who re- 
ported the presence of the compounds listed below. The oil examined con- 
tained 8.8 per cent of esters, calculated as C1oH;;7OCOCHs, and 14.8 per 
cent of alcohols, calculated as Ci9H;,0. 


Furfural. In the very first portions of the distillate. 


d-a-Pinene. Identified by means of the nitrosochloride m. 102°-103°, and the nitrol- 
benzylamine compound m. 122°-123°, and m. 124°. 


d-Camphene. In the fraction b. 160°-170°, which is the principal fraction of the oil. 
Conversion to isoborneol m. 206°-207°. 


Fenchene(?). Schimmel & Co. concluded from the moldy odor of the isoborneol 
obtained from d-camphene that the original oil also contains fenchene. 


d-Sylvestrene(?) and Carene. The hydrocarbon isolated by means of its dihydro- 
chloride m. 72° and bromide m. 134°-135° was most probably not sylvestrene, 
but A®- or A‘-carene (cf. Vol. II of this work, pp. 32, 49 and 51). 


p-Cymene. Small quantities only. Oxidation to p-hydroxypropylbenzoic acid m. 155°— 
156°. Propenylbenzoic acid m. 160°-161°. 


A Ketone(?). The fraction b3_4 80°-90° contained a ketone which yielded a semi- 
carbazone m. 177°-178°, but which was not identified. The odor of the ketone in 
question resembled that of menthone or thujone. 


5 Ber. Schimmel & Co., October (1894), 71; April (1903), 23; April (1904), 32; October 
(1904), 19; April (1910), 36; April (1913), 44. 
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Sabinol(?). In one of their earlier investigations Schimmel & Co.* arrived at the con- 
clusion that the oil contains sabinol. Later research,’ however, did not confirm 
this. 

1-Terpinen-4-ol. Identified in the course of the last-mentioned investigation. 

An Alcohol C1oH),0(?). After purification through its benzoate and phthalate, the 
alcohol in question had these properties: b. 210°-212°, bg_s 76°-77°, djs 0.9422, 
ap +43° 38’, n%9 1.46678. The odor was pleasant, reminiscent of rose and borneol. 


Esters of d-a-Terpineol. The d-a-terpineol b. 35°, ap +36° 32’ was identified by 
preparation of its phenylurethane m. 112°. The fraction of the oil by 96°-98° con- 
tained 66.85 per cent of esters, calculated as CyoH17OCOCHs3. The acids forming 
the terpiny] esters were acetic acid, valeric acid, and an acid b. 210°-260°, m. 129°. 

The oil did not contain any terpineol in free form. 


l-Cadinene. Identified in the high boiling fractions; dihydrochloride m. 117°-118°. 


Cedrol (“Cypress Camphor’). The fractions bs above 135° contained cedrol, which 
was isolated in pure and odorless form by repeated recrystallization from dilute 
alcohol and petroleum ether. 

Prior to its identification as cedrol, the substance, which can be isolated by 
freezing of the high boiling fractions, was called ‘‘Cypress Camphor.” 


A Sesquiterpene Alcohol(?). In addition to cadinene and cedrol, the high boiling 
fractions contain a liquid sesquiterpene alcohol C,;H20; bss, 136°-138°. It is 
probably the carrier of the characteristic ambergris- and labdanum-like odor of 
the evaporation residue of the oil. The alcohol has not yet been identified. 
Schimmel & Co. did not obtain any characteristic derivatives. 


In the distillation waters of the oil, Schimmel & Co. noted the presence of methyl 
alcohol, diacetyl and furfural. 


Use.—Oil of cypress is a valuable perfumery material, useful particu- 
larly in compositions of the chypre type. By removal of most of the ter- 
penes a concentrated oil can be obtained in which the ambergris- and 
labdanum-like odor of the high boiling fractions becomes predominant. 

For years the oil has been employed to alleviate the temporary distress- 
ing effects of whooping cough on children.® For this purpose a 25 per cent 
alcoholic solution of the oil should be dropped four times daily on the bed 
linen, pillowcases, and underwear of children afflicted with this disease. 
The number, length, and intensity of the cough paroxysms are thereby 
greatly diminished. 


SUGGESTED ADDITIONAL LITERATURE 


M. Fesneau, “Etude du Cypres Sempervirens Espagnol,” Ind. parfum. 6 (1951), 
60. 


6 Ibid., April (1904), 34. 

t Tbtd., April (1913), 44. 

8 Soltmann, “Keuchhusten und Cypressenol,” Therapie der Gegenwart, March (1904). 
Cf. Winterseel, “Das Cypressen6l,” Inaug.-Dissert. med. Fakultit., Bonn (1908). 
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OIL OF CUPRESSUS LUSITANICA MILL. 


Cupressus lusitanica Mill. (syn. C. glauca Lamb., C. pendula |’Hérit., or 
C.. sinensis hort.) , fam. Cupressaceae, the so-called “Portuguese Cypress,’’ is 
grown in gardens and parks of the Iberian Peninsula, Italy and Southern 
France. Some years ago the tree was introduced to Kenya Colony in East 
Africa for the purpose of reforestation. In 1937, when the author visited 
Kenya Colony, about 12,000 acres near N’joro, on the slopes of the great 
Rift Valley, had been planted with Cupressus lusitanica Mill. At that time 
the acreage was being increased every year by about 300 acres. The 
young trees have to be trimmed annually until they are about fifteen years 
old, when they have grown so tall that the branches can no longer be 
reached easily. 

At the time of the author’s visit there was a distillery near N’joro spe- 
cializing in the production of essential oil from the terminal branches and 
leaves (trimmings) of Cupressus lusitanica. Distillation of one charge re- 
quired about 5 hr. The yield of oil averaged 0.1 per cent. 

Physicochemical Properties.—Oil of Cupressus lusitanica Mill. is a light 
colored liquid with an odor somewhat reminiscent of oil of Pinus mugo 
Turra, but sharper. 

An oil procured by the author in N’joro (I), and another oil from Kenya 
examined by Sfiras? (II) had these properties: 


I IT 

Specific Gravity at 15°............. 0.878 0.8750 
Optical Rotation. ................. +24° 10’ +22° 40’ 
Refractive Index at 20°............ 1.4762 1.4788 
Acid Number.................005. 0 0.5 
Ester Number.................2.. 22.9 20.9 
Ester Number after Acetylation... .. 48.8 50.9 
Solubility in 90% Alcohol.......... Hazy in Soluble in 

10 vol. 4.5 vol. 


Chemical Composition.—Sfiras ? investigated his oil for its chemical com- 
position, and reported the presence of the following compounds: 


Terpenes and Aromatic 
Hydrocarbons (ca. 70%) a-Pinene (chiefly) 
A?-Carene 
d-Limonene 
Myrcene (small quantities) 


1 Roure-Bertrand Fils, Recherches 2 (1938), 17, 111; 8 (1939), 115. 
2 Ibid. 
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Sesquiterpenes (ca. 10%) .. 


Alcohols (ca. 12%)........ 


Ketones (ca. 5%)......... 


p-Cymene 

Camphene 

a-Terpinene 

a- or 8-Phellandrene 

Sabinene 

Terpenes with two double bonds (not identified) 


Two dextrorotatory sesquiterpenes(?), one of them con- 
taining one double bond 
A laevorotatory sesquiterpene(?) 


Borneol 

Citronellol 

1-Terpinen-4-ol 

An unidentified alcohol which amounts to 80 per cent of 
the alcohol fraction 

(About 50 per cent of the above-listed alcohols occur in 
the oil in free form; the balance esterified with formic, 
acetic, propionic(?), and caproic acids) 

3-Octanol, present as formate or acetate 

a-Terpineol, in free form 

An unidentified secondary alcohol biy 90°-93°, di8 0.8849, 
n?? 1.4647 

A secondary sesquiterpene alcohol(?) 

A tertiary sesquiterpene alcohol(?) 


Umbellulone (chiefly) 
Two sesquiterpene ketones(?) 


Use.—Oil of Cupressus lusitanica Mill. has been recommended as an 
adjunct in the scenting of soaps, room sprays, deodorants, and many tech- 


nical preparations. 


OIL OF CYPRESS FROM GUATEMALA 


About 1940 Guatemala (C.A.) started to produce cypress oil, and limited 
quantities have occasionally been offered on the North American market. 
However, it is not known from which species of Cupressus these oils are 
obtained. Several samples of so-called Guatemala cypress oil have been 
examined in the laboratories of Fritzsche Brothers, Inc.,. New York. The 
properties of these oils varied within the following limits: 


Specific Gravity at 15°/15°...... 0.875 to 0.886 
Optical Rotation............... +10° 43’ to +14° 50’ 
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Refractive Index at 20°......... 1.4764 to 1.4786 

Saponification Number.......... 15.1 to 36.4 

Solubility........... 0c eee eee Hazy to turbid in 10 vol. 
of 90% alcohol 


The odor of these oils was very different from that of the true French 
cypress distillates, the Guatemalan samples showing a distinct umbellulone 
by-note. In one sample the ketone content, calculated as umbellulone, de- 
termined by the hydroxylamine hydrochloride method was found to be 
2 per cent. 

A sample of cypress oil produced in California, also from an undefined 
botanical species, was found to be of the same abnormal type. The um- 
bellulone content in this case was found to be 6.1 per cent. 


OIL OF CUPRESSUS MACROCARPA GORD. 


The so-called “Monterey Cypress,” Cupressus macrocarpa Gord. (syn. 
C. lambertiana Carr.) , fam. Cupressaceae, has probably the most restricted 
range of any conifer; it grows naturally as an endemic plant only around 
Monterey Bay (Cypress Point) and on the island of Guadeloupe. At Mon- 
terey the main grove occupies an area only two miles long and two hun- 
dred yards wide. The cypress occurring in Guadeloupe has been classified 
as var. guadalupensis (Watkins) Masters. 

The tree has been introduced into many parts of the world, including the 
Riviera and New Zealand, where it is grown extensively as an ornamental 
plant. 

The leaves and terminal branchlets contain an essential oil which has 
been produced experimentally by Schimmel & Co.' (I), and more recently 
by Briggs and Sutherland? (II). The yield of oil was 0.1 and 0.2 per cent, 
respectively. The oils had the following properties: 


I IT 
Specific Gravity...............0.000. dis 0.8656 d2° 0.8607 
Optical Rotation.................05. ap +31° 53’ = fa}? +11° 19’ 
Refractive Index at 25°.............6 0. 1.4718 
Acid Number...............00c cece 1.5 1.0 
Ester Number..............00.0 00s 13.9 0.4 
Ester Number after Acetylation....... 50.82 33.7 


1 Ber. Schimmel & Co., April (1905), 84. 
2 J. Org. Chem. 7 (1942), 397. 
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Briggs and Sutherland reported these compounds as constituents of the 
oil: 

Terpenes............ a-Pinene (40%) 
Sabinene (15%) 
Myrcene (3%) 
a-Phellandrene (4%) 
a-Terpinene(?) 
-Terpinene and Terpinolene (6%) 


Unidentified Terpenes (12%) 
Alcohols............ d-Terpinen-4-ol (8.8%) 
Unidentified Alcohol bip ~100° (0.8%) 
Macrocarpol (0.1%) 
1 O17) a ea ee Unidentified Ester bp ~110° (0.5%) 
Acids, Aldehydes, 
Ketones........... (Traces) 
Sesquiterpenes....... Unidentified 
(a) bio 115°-117° 
(b) bio 120°-121° 
(c) bio 124°-127° (0.7%) 
Diterpenes.......... Isophyllocladene (3.5%) 
Cupressene (0.1%) 
Other Compounds, 


including Residue... (5.5%) 


(Regarding macrocarpol, cupressene, and isophyllocladene, see Vol. II of 
this work, p. 761, and the Table of Diterpenes, opposite p. 126.) 
The oil is not produced on a commercial scale. 


OIL OF CUPRESSUS TORULOSA D. DON 


Steam-distilling the leaves of Cupressus torulosa D. Don (fam. Cupres- 
saceae), the so-called “Himalaya Cypress,” Simonsen?! obtained from 0.5 
to 0.8 per cent of a light brown oil with a pleasant odor and these prop- 
erties: 


Specific Gravity at 30°/30°.................. 0.87 
Specific Optical Rotation at 30°.............. +41° 43’ 
Refractive Index at 30°. ......... 0.20.0 cece 1.479 


1 Indian Forest Records 10 (1923), 1. 
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Acid Number oi inhi se ccndseers.aasesyeawaek 0.68 
Saponification Number...................0.- 10.71 
Saponification Number after Acetylation...... 41.4 


Simonsen ? identified the following compounds as constituents of the oil: 


a-Pinene 

d-Sabinene 

Dipentene 

Terpinene 

eT OPVINCOL 6 h.05665 od eek odd te ae sears Presence probable, in small quantities 
1-Terpinen-4-o0l (1-p-Menthen-4-ol)...... Presence probable, in small quantities 
A Sesquiterpene(?).............0000 008 CisHas, bioo 195°-200°, d38 0.9162, 

[af —15° 54’, n&? 1.507 

A Sesquiterpene Alcohol(?)............. CisH260, bioo 205°-220°, d32 0.9419, 


[a}82 —19° 12’, n® 1.506 
Propionic, Caproic, and Lauric Acids.... Free and in esterified form 


Use.—According to the author’s knowledge the oil is not produced on a 
commercial scale. 


OIL OF CHAMAECYPARIS OBTUSA (SIEB. ET ZUCC.) 
ENDL. 


(“Oil of Hinoki’’) 


Occurrence, Botany, and Production.—The Japanese “Hinoki” tree sup- 
plies a white wood which, like that of certain pines, and of “Sugi” (Crypto- 
meria japonica [L.f.] D. Don, fam. Taxodiaceae), ranks high in general 
utility. Hinoki wood, in particular, has been valued since antiquity for 
the building of temples, and the making of lacquered furniture and orna- 
ments. | 

The hinoki tree grows wild and abundantly in Japan and Formosa, 
forming vast forests in some sections. Natural hinoki forests cover the 
mountainous parts of central and southern Japan (chiefly in the Kiso moun- 
tain range of Japan’s main island), and of the Province of Tosa on Shikoku 


3 Ibid. 
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Island. In such areas the trees are also planted regularly, following a strict 
plan of reforestation. On the island of Formosa hinoki trees grow thickly 
in the central mountain ranges, particularly around Mt. Ari (Tainan Pre- 
fecture), Mt. Hassen (Taichun Prefecture), and Mt. Taihei (Taihoku 
Prefecture). 

Morphologically, the hinoki tree of Japan differs slightly from that of 
Formosa. The former has been classified as Chamaecyparis obtusa (Sieb. 
et Zucc.) Endl., fam. Cupressaceae—‘Hinoki” in Japanese. The Formosan 
tree has been classified as Chamaecyparis obtusa (Sieb. et Zucc.) Endl., 
forma formosana Hayata, or Chamaecyparis taiwanensis Masamune et 
Suzuki. In Japanese the Formosan tree is known as “Arisan Hinoki.” 
Occidental literature frequently refers to the Japanese and Formosan 
hinoki trees by the general colloquial term “Japanese Cedar” or “Japanese 
Cypress.” 7 

The wood and the leaves of the hinoki tree contain an essential oil which 
can be isolated by steam distillation; however, the wood oil differs sub- 
stantially from the leaf oil in odor, physicochemical properties and chemi- 
cal composition. Of the two oils the wood oil is by far the more important 
as regards technical usefulness and quantity produced. Actually it is ob- 
tained not from the trunk wood, but from old stumps and roots extracted 
from the ground thirty to fifty years after the trees have been felled. 

According to Hiraizumi,! production of hinoki root oil closely resembles 
that of sugi oil (cf. the monograph on “Oil of Cryptomeria japonica [L.f.] 
D. Don,” p. 312), except that in the case of the lower boiling hinoki oil dis- 
tillation can be carried out in one step, without interruption. The yield of 
oil ranges from 2 to 5 per cent in the old-fashioned barrel stills (“Koshiki’’). 
In Japan, centers of production lie in the Prefecture of Kochi on Shikoku 
Island, and in the Prefecture of Wakayama (chiefly in the section around 
Mt. Koya). In the latter region the roots are now processed in modern 
steam stills with a steam pressure of 5 to 6 atm. Under these conditions, 
the yield of oil ranges from 3 to 10 per cent. 

Total production of hinoki- root oil in Japan at present varies from 120 
to 150 metric tons per year. Prior to World War II practically all hinoki 
root oil came from Formosa, which then supplied from 300 to 500 metric 
tons yearly. However, since the war, production in Formosa has decreased 
to less than 200 tons per year; this decline, in turn, has greatly stimulated 
production in Japan, with the result that distillation of the oil has lately 
become quite popular in the lumber industry. 

Hinoki leaf oil is produced by only a few distillers, and in small quanti- 


2The author is greatly indebted to Dr. Teikichi Hiraizumi, Tokyo, for most of the 
information contained in this monograph. 
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ties only; the total output in Japan at present amounts to not more than 
about 6 metric tons per year. 

Hinoki root oils from Japan and Formosa are so similar that more than 
a routine analysis is required to differentiate between the two types. In 
prewar years, hinoki root oil was supplied almost exclusively by Formosa. 
Hence most of the chemical investigations carried out by Japanese re- 
searchers were based upon Formosan oil, and the oil produced now in 
Japan has not yet been as thoroughly investigated as the Formosan oil. 
Reliable analytical methods of distinguishing between the two types of oil 
have not yet been developed. The color of the Japanese hinoki root oil 
is usually lighter than that of the Formosan oil, the latter being reddish- 
brown. 


I. Hinoxr Roor O1 
A. Japanese Hinoki Root Oul 


Physicochemical Properties.—The volatile oil obtained by steam distilla- 
tion of hinoki roots is a light yellow liquid with a camphoraceous odor. 
An oil examined by Fritzsche Brothers, Inc., had these properties: 


Specific Gravity at 15°/15°........ 0.899 

Optical Rotation. ................ +35° 12’ 

Refractive Index at 20°........... 1.4823 

Acid Number................000: 0 

Ester Number. ............0..000: 4.9 

Ester Content, Calculated as Bornyl 

ACOUAUE i. 455d baer teeteeees 1.7% 

Ester Number after Acetylation.... 47.0 

Solubility at 20°.................. Slightly hazy in 10 vol. of 90% 
alcohol. Soluble in 0.5 vol. 
and more of 95% alcohol 


The odor of the oil indicated the presence of terpineol and borneol. The 
odor was also reminiscent of that of certain “camphor-sassafras” fractions 
derived from natural camphor oil. 

The properties of hinoki root oils analyzed by Schimmel & Co.? varied 
within the following limits: 


Specific Gravity at 15°............... 0.8980 to 0.9090 
Optical Rotation. ................06. +38° 54’ to +43° 37’ 
Refractive Index at 20°.............. 1.47642 to 1.47926 
Agia Number 22.44 vacneinsstuebateen Up to 1.9 

Ester Number...............-ce eee. 9.3 to 18.7 


Alcohol Content, Calculated as Ci9H1s0 
(Acetylation in Xylene Solution, 
Daioh eek we eh eens 23.4 to 36.6% 


2 Ber. Schimmel & Co. (1928), 51. 
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Solubility............ ccc cence ecences From 0.3 to 4.1 vol. of 90% alco- 
hol are required for solution; 
not soluble in 80% alcohol up 


to 10 vol. 
Boiling Range at 754 mm.: 
160" 40.110 acer dois 30% 
1710 0180" eG ceeeeetncs panes 22% 
DOO? WO 200) oe chee healing) san acs 12% 
2ZOO® to 250°. ccc cece eee 14% 
250° to 285°... ce ee cee 12% 
17.1 (0 (1 10% 


From these figures it appears that the root oil contains more high boil- 


ing constituents than the leaf oil. 
Hirao? studied a hinoki root oil distilled in Tosa Province and noted 


these properties: 


Specific Gravity at 25°/4°........... 0.8903 
Specific Optical Rotation............ -+40° 0’ 
Refractive Index at 25°............. 1.4806 
Acid Number...............220eeee 0.93 
Ester Number.............. 000000 6 
Ester Number after Acetylation...... 76.62 
Boiling Range at atm. pr.: 
155° 00 160" cise ccatee ed ek ches 23.4% 
GO! 10175. news wicca cen wes 15.3% 
17D tO 200 ecu s eed eee 8.6% 
ZOO" 10 220" ibn Pccwiceved whe et 16.8% 
220° 10 260? vss Skew obese 4.8% 
260° and above............-..000: 29.5% 


Chemical Composition.—In the hinoki root oil he investigated, Hirao * 
established the presence of the following compounds: 


Terpenes (about 40%)....... d-a-Pinene (chiefly) 
Camphene 
Dipentene ;}Small amounts 
d-Limonene 
Terpene Alcohols (20.46%) 5.. d-a-Terpineol (chiefly) 
d-Borneol 
uiterpenes.............. Cadinene (chiefl 
si wens ” about 30% 
Sesquiterpene Alcohols....... Cadinol (chiefly) 
8 J. Chem. Soc. Japan §8 (1937), 222. 
4 Ibid. 


5 Calculated from the Ester Number after Actylation of the oil. 
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B. Formosan Hinoki Root Oil 


Physicochemical Properties.—Tsuchihashi and Tasaki® examined an oil 
obtained in Formosa by steam distillation of old roots and stumps (“Arisan 
Honoki”’). The oil exhibited these properties: 


Specific Gravity at 23°.............. 0.8953 
Optical Rotation at 23°............. +42° 16’ 
Refractive Index at 23°............. 1.4804 
Acid Number...................005 3.23 
Ester Number..................... 8.31 
Ester Number after Acetylation...... 94.23 
Boiling Range at atm. pr.: 
160° to 180°... 0.0... eee 35% 
180? 10 200? 6 icieowirecd ohinad weer see 16% 
200° tO: 220 beh eh eee e ees 71% 
DIO 6 QAO iiss Gouda pinta nid elo Ree 12% 
PAO TO 200” ck saa e wun te anes ens 10% 
260? 16280" 6is ae ceiatinnd een: 138% 
ReSIQUE 2-456 oe tinted seeks 7% 


Chemical Composition.—In the oil they investigated, Tsuchihashi and 
Tasaki’ identified the following compounds: 


d-a-Pinene. About 40 per cent. 

d-a-Terpineol and Isoborneol. About 20 per cent of the oil consisted of terpene 
alcohols; 70 per cent of this amount was d-a-terpineol, the balance being iso- 
borneol. 

d-Cadinene. From the sesquiterpene fraction Tsuchihashi and Tasaki isolated 13 
per cent of d-cadinene, and called attention to the fact that the cadinene present 
in Japanese hinoki trunk oil is laevorotatory (Kondo 8). 


Chamaecypariol. From their oil, Tsuchihashi and Tasaki also isolated 6 per cent of 
a bicyclic sesquiterpene alcohol CysH260 (be 145°-147°, d3? 0.9693, (aj? — 40° 44’, 
n® 1.5040) to which they assigned the name chamaccypariol. 

Formosan hinoki root oil has become of considerable technical importance 
because of its high content of pinene and terpineol fractions. According 
to Hirao,® the oil has the following composition: 


Per Cent 
d-a-Pinene..............0.. 31 
d-a-Terpineol.............. 33 
Cadimenes coi soc eek seas 23 
Sesquiterpene Alcohols...... 7 


6 Rept. Govt. Research Inst. Formosa I (1920), 119. 
7 Ibid. 

8 J. Pharm. Soc. Japan (1909), 1297. 

®J. Chem. Soc. Japan 47 (1926), 743; &8 (1937), 222. 
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Another investigation of Formosan hinoki root oil is that of Nozoe and 
his collaborators,!° who isolated the following compounds from the s0- 
called “Arisan Hinoki Oil”: 
l-Rhodinic Acid (/-Citronellic Acid) CioHisO2. Bis 144°-146°, a —6° 36’, d3° 0.9244, 

n?? 1.4540 (cf. Vol. II of the present work, p. 588). 
Chamenol-A, CsH12:0 or CyoHy,O. A new phenolic substance, bis 115°-116°, ap +0°, 


d2° 0.9802, n2° 1.5182; nitroso compound m. 152°-153°, phenylurethane m. 109°- 
110°. 

Chamenol-B, CyH1202 or Ci3pH14O2. A new phenolic substance, m. 41°-42°, bis 122°- 
124°; phenylurethane m. 109°-110°, monobenzoate m. 64°-65°. 


Hinokitiol, CioH12O2. A new acidic substance, m. 51°—-52°, bio 140°-141°, ap 0°, 
di® 1.0968, ni 1.6136; Fe-complex salt (CaopHs3O¢Fe) m. 251°-252°, color dark red. 
Hinokitiol is identical with hinokitin." 
Nozoe 2?* spent several years on the elucidation of the configuration of 
hinokitiol and finally arrived at the conclusion that it possesses the follow- 


ing structural formula: 
(y< 


ON 
O OH 


In 1948, Erdtman and Gripenberg ** had isolated three isomers of an 
acidic substance Ci9H,2.02 from the oil obtained from the trunk of Thuja 
plicata Don. They named these compounds a-, 8- and y-thujaplicin, m. 34°, 
m. 52°-52.5°, and m. 82°, respectively. Nozoe found that hinokitiol is 
identical with B-thujaplicin m. 52°-52.5°, and that the structural formula 
suggested by him for hinokitiol agrees with that proposed by Erdtman and 
Gripenberg for 8-thujaplicin (cf. p. 331 of the present volume). 

Hinokitiol has also been identified by Kawamura" in the oil obtained 
by steam distillation of the trunk wood of Thujopsis dolabrata Sieb. et Zucc. 
var. hondat Mak. (“Hiba” in Japanese—see the monograph on this oil, 
p. 323). Note that Hinokitiol has not yet been identified in the volatile oil 
derived from hinoki trees growing in Japan. 

10 Nozoe, Bull. Chem. Soc. Japan 11 (1936), 295. Iinuma, J. Chem. Soc. Japan 64 

(1943), 742, 901. Nozoe and Katsura, J. Pharm. Soc. Japan 64 (1944), 181. Yakugaku 

8, No. 2 (1949), 174. 

11 Hirao, J. Chem. Soc. Japan 47 (1926), 666. 
12 oe the Meeting of the Tohoku Branch of the Chemical Society of Japan, 


18 Nature 161 (1948), 719. 
14 J, Bull. Imp. Forest Expt. Sta. (Japan) 30 (1930), 59. 
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Recently l-rhodinic acid and hinokitiol have been investigated in regard 
to their medicinal properties. It has been found that hinokitiol in particu- 
lar possesses bactericidal and bacteriostatic action on tuberculosis bacilli 
in vitro and bacteriostatic action in slide cell cultures. In this regard 
hinokitiol is more powerful than the strongest of normal fatty acids, viz., 
capric and lauric acids, whereas l-rhodinic acid is less potent than these two 
fatty acids (Katsura) .'5 


II. Hrnox: Trunx O1 


Years ago Kondo ** studied a volatile oil distilled from the trunk wood 
of hinoki trees growing in the Kiso district (yield 1 per cent) and noted 
these properties: 


Specific Gravity at 23°.............. 0.9307 
Specific Optical Rotation............ +11° 28’ 
Acid Number.6 ices ce ceaenedeehss 0 

Ester Number..............200 000s 16.8 
Ester Number after Acetylation...... 39.2 


Fractionation of the oil yielded: 


(1) beo 80°-130°, small quantity. 
(2) b1z-29 181°-159°, 40 per cent. 
(3) bis 160°-170°, 36 per cent. 
(4) bys 171°-185°, 18 per cent. 


Kondo ”’ arrived at the conclusion that the chief component of fractions 
(2) and (3) was l-cadinene, b. 272°-273°, [a]p —96° 33’, doo 0.9165. 


III. Hrnoxr Lear On. 
A. Japanese Hinoki Leaf Oil 


Physicochemical Properties.—The oil distilled from the leaves of the 
hinoki tree is a liquid of low boiling point, and with an odor reminiscent of 
savin or thuja oil. 

Examining an oil distilled from Japanese hinoki leaves (yield 1.16 per 
cent), S. Uchida ** noted these properties: 


Specific Gravity at 12.5°/4°......... 0.9053 
Optical Rotation................... +41° 16’ 


18 Medical Time, 8, No. 10 (August 1948), 29. 
16 J, Pharm. Soc. Japan 29 (1909), 1297. 
17 Ibid. 


18 J, Soc. Chem. Ind. Japan 81 (1928), 650. Cf. ibid., Suppl. Binding, 159 B. 
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Refractive Index at 12.5°............ 1.4794 
Acid Number..................0.06 0.60 
Ester Number.................000- 75.37 
Ester Number after Acetylation...... 100.20 


After separation of the acidic and phenolic substances, Uchida obtained 
the following fractions from the neutral part of his hinoki leaf oil: 


bis Per Cent 
45° to 85°. ...... 42.3 
85° to 1385°...... 31.4 
135° to 170°...... 16.6 
170° to 180°...... 2.8 


A commercial sample of hinoki leaf oil analyzed by Fritzsche Brothers, 
Inc., New York, exhibited these properties: 


Specific Gravity at 15°/15°........ 0.898 

Optical Rotation................. +39° 27’ 

Refractive Index at 20°........... 1.4768 

Acid. NUmDere: 2ociah encecaeseues 0 

Ester Number...............000: 65.4 

Ester Content, Calculated as Bornyl 

ACCURG band sicdeed ew 4ees wees Os 22.9% 

Ester Number after Acetylation.... 116.0 

Solubility at 20°.................. Not completely soluble in 80% 
alcohol. Soluble in 0.5 vol. 
and more of 90% alcohol 


The odor of the oil was strong, in general reminiscent of terpenes and 
sesquiterpenes. 

Chemical Composition.— Uchida °° isolated the following compounds from 
the oil: 


Hinoki Acid C;,H2s3COOH. A new crystalline acid m. 166°. 
Terpenes (about 40%). Chiefly d-limonene and d-a-pinene. 


Terpene Alcohols and Esters. Chiefly d-borneol and its acetate and nonylate. Uchida 
found 25 per cent of borny! acetate and a very small amount of bornyl nonylate. 
The laboratories of the Takasago Chemical Industry Company,** on the other 
hand, noted that this fraction contained 12 per cent of d-bornyl acetate and 12 
per cent of terpiny! acetate. 


Cadinene. Also reported by Uchida. Small amount only. 


A Sesquiterpene C,;sHo, (about 20%). Tricyclic and laevorotatory, containing one 
double bond; b. 265°-268°, [a]n —15° 40’, d?° 0.9367. 


19 Ibid. 


20 Private communication from Dr. Teikichi Hiraizumi, Tokyo. Cf. Moroe and Hara, 
J. Pharm. Soc. Japan 71 (1951), 508. Chem. Abstracts 45 (1951), 9223. 
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A Sesquiterpene Alcohol C1s5H2.0 (about 10%). Bicyclic, dextrorotatory, containing 
one double bond; b. 290°-295°, [a] +18° 0’, di3 0.9607, n39 1.5020. 


A Diterpene CooHs2 (about 5%). jletracyclic and optically inactive, containing one 
double bond; b. 340°-343°, di§ 0.9632, n?? 1.5190. 


B. Formosan Hinoki Leaf Ou (“Arisan Hinokv’) 


Physicochemical Properties.—Kafuku, Nozoe and Hata”! steam-distilled 
fresh leaves of the Formosan hinoki tree and obtained 0.3 per cent of an 
oil with these properties: 


Specific Gravity at 25°............... 0.8988 
Optical Rotation at 25°.............. —5° 50’ 
Refractive Index at 25°.............. 1.4878 
Acid. NUMDEF 665462 soned tht ecawea ks 0.96 
Ester Number... ............00c000e 12.63 
Ester Number after Acetylation....... 54.81 


Chemical Composition.—After removal of the acidic constituents, the 
neutral part of the oil was fractionated: 


Yield, 
bso in Per Cent 

40° to 80°........... 34.1 Terpenes 

80° to 120°.......... 11.4 Terpene Alcohols 
120° to 140°.......... 40.2 Sesquiterpenes 
140° to 160°.......... 9.6 Sesquiterpene Alcohols 
160° to 180°.......... 1.8 Diterpenes 
Residue.............. 0.4 


From the first fraction Kafuku, Nozoe and Hata ”? isolated a new terpene 
CioHi6, viz., chamene (cf. Vol. II of the present work, p. 745). The fol- 
lowing structural formula was suggested for chamene: 


A 


To summarize, the following compounds were isolated from the oil by 
Kafuku, Nozoe and Hata: 


Acids (0.85% of the whole oil). Hinoki acid CisH2Oz, m. 165°-166°. 


Terpenes (34% of the oil). About 50 per cent of the terpenes consisted of d-sabinene, 
20-30 per cent of chamene, the balance of d-a-pinene, p-cymene, a-terpinene, 
-terpinene, a-thujene, and a trace of dipentene. 


31 Bull. Chem. Soc. Japan 6 (1931), 40, 111. 
22 Ibid. 


—=CHo. 
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Terpene Alcohols (11.6% of the whole oil). The terpene alcohol fraction consisted 
chiefly of d-terpinen-4-ol, small amounts of a laevorotatory alcohol CsH;.O0 and 
l-linalodl, both for the most part in esterified form. In addition, traces of borneol 
were present. 

(In this connection it should be noted that the chief constituents of hinoki leaf 
oil, viz., d-sabinene, d-chamene, and d-terpinen-4-ol, have never been found in 
Formosan hinoki root or wood oils. On the other hand, d-a-pinene, and a-terpineol, 
which form the principle constituents of the latter oils, occur in the leaf oil only 
in very small quantities or not at all.) 

Sesquiterpenes (38% of the whole oil). This fraction consisted chiefly of a new tri- 
cyclic sesquiterpene, viz., sesquichamene (cf. Vol. II of the present work, p. 749). 
The balance of the fraction was d-cadinene. 


Sesquiterpene Alcohols (8% of the oil). This fraction contained a dextrorotatory 
bicyclic sesquiterpene alcohol and cadinol. 


Diterpenes (1% of the whole oil). Consisting chiefly of a laevorotatory tetracyclic 
diterpene. | 


Uss or Hinox1 Roor Om anp Lear Om 


Both hinoki leaf oil and hinoki root oil are employed for the scenting of 
soaps. The odor of the former is superior to that of the latter. 

Hinoki root oil, by far the more important of the two, finds wide appli- 
cation in insecticides; but its most important use is as a mineral flotation 
oil in the mining industry. Large quantities of Formosan hinoki root oil 
were formerly employed for this purpose. 

Since the root oil contains about 30 per cent of terpineol, it constitutes 
an excellent base for the isolation of natural terpineol and for the prepara- 
tion of terpinyl acetate. By careful rectification, these compounds can be 
obtained in a high state of purity. The terpenic fractions of the root oil 
serve as industrial solvents, and for the manufacture of synthetic terpineol. 


OIL OF CHAMAECYPARIS LAWSONIANA A. MURR. PARL. 
(“Port Orford Cedar Oil’) 


Chamaecyparis lawsoniana A. Murr. Parl. (syn. Cupressus lawsoniana 
A. Murr. Parl.), fam. Cupressaceae, the so-called “Port Orford Cedar” or 
“Western White Cedar,” is a native of the North American Pacific Coast, 
but has been introduced to other parts of the world, where it is grown as 
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an ornamental tree in parks and gardens. The leaves and terminal branches, 
as well as the wood, contain an essential oil which has been prepared ex- 
perimentally on several occasions. For a time the oil was available in 
commercial quantities. 


A. Leaf Oul 
The oils distilled from the terminal branches (trimmings) in a lumber 


mill near Port Orford, Oregon, and analyzed by Fritzsche Brothers, Inc., 
New York, had these properties: 


Specific Gravity at 15°/15°........ 0.872 to 0.915, usually above 0.900 
Optical Rotation................. +33° 46’ to +43° 0’ 
Refractive Index at 20°........... 1.4701 to 1.4850, usually above 1.4783 
Ester Content, Calculated as Bornyl 
ACCA a he tdeeeieiw inn 2.9 to 11.4%, usually above 6.5% 
270) 11 191 2a a Usually soluble in 0.5 to 5.5 vol. of 
90% alcohol and more 


In 1910 Schimmel & Co." distilled the leaves of trees growing in Holstein 
(Germany), and obtained about 1 per cent of an oil with an odor remi- 
niscent of cypress and savin oils. The properties of the oil were: 


Specific Gravity at 15°.:............ 0.9308 

Optical Rotation................... +23° 48’ 

Refractive Index at 20°............. 1.48844 

Acid Number.................000es 3.7 

Hater Number v6: 4:4.006426404 2444.4 04 61.6 

Ester Number after Acetylation...... 78.8 

Solubility.......0..... 0. ccc cece ees Soluble in 0.5 vol. of 90% alcohol, 
temporarily turbid in 1 to 3 vol. 


Treatment of the oil with bisulfite solution yielded small quantities of an 
aldehyde, the odor of which was reminiscent of lauraldehyde. 


B. Wood Oil 


At one time substantial quantities of essential oil were produced in lum- 
ber mills in Oregon, particularly near Marshfield, from sawdust and chips. 
The yield of oil averaged about 1.6 per cent. 

The oil derived from the wood is a colorless or yellowish to light brown 
liquid, with an odor reminiscent of limonene, pinene, and borneol. 

Two oils of “Port Orford Cedarwood” examined by Schimmel & Co.? (I), 
and by Thurber and Roll *® (II) had these properties: 

1 Ber. Schimmel & Co., October (1910), 134. 


2 Ber. Schimmel & Co. (1931), 12. 
8 Ind. Eng. Chem. 19 (1927), 739. 
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I Il 
Specific Gravity................005. dis 0.8992 deo 0.8913 
Optical Rotation................... +40° 47’ [a]P +46° 41’ 
Refractive Index at 20°............. 1.47799 1.4760 
Acid Number................0-000% 0 0.19 
Ester Number.............. 0.0000. 23.3 19.3 
Ester Number after Acetylation...... 80.3 83.3 


Investigating their oil for its chemical composition, Thurber and Roll ¢ 


identified the following compounds: 


d-a-Pinene...............005. (46%) 
d-Limonene.................. (8%) 
d-Borneol..............00.005 (26%) 
d-Cadinene..................- (21%) 
LCAdinO): i25s Sdee tend sees aks (4%) 


Some years earlier, Schorger® had examined a 4-year-old (rectified) oil 
and found that it had this composition: 


d-a-Pinene.................005- (60 to 61%) [alp +51° 41’ 
Dipentene 4244 4i2ccietisiesscas (6 to 7%) 

l-Borneol, free.............20000% (11%) 
Cadinene.............0cceee eee (6 to 7%) 


Formic and Acetic Acids, free 
Formic and Capric Acids, esterified 


The borneol appeared to occur in the oil partly in free form, partly esteri- 


fied with formic, acetic and capric acids. 


4 Ibid. 
5 Ibid. 6 (1914), 631. 
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OIL OF CEDARWOOD 
(Oil of Virginian Cedarwood—“Red Cedarwood Oil”) 


Essence de Bois de Cédre Aceite Esencial Cedro del Palo Ligero 
Cedernholzol Oleum Ligni Cedri 


Botany and Occurrence.—Juniperus virginiana L. (fam. Cupressaceae), 
the “Virginia,” “Tennessee,” “Eastern,” or “Southern Red Cedar’ (dis- 
tinguished from the “Eastern White Cedar,” Thuja occidentalis L.) is a 
slow-growing, evergreen tree with a narrow, dense, and pyramidal crown, 
which, in old specimens, sometimes becomes spreading and round-topped. 
In the South, the red cedar attains greater height than in the North: 
seventy-five-year-old trees often reach a height of 60 ft. Majestic trees 
5 ft. in diameter and 100 ft. tall have been reported. In years past, virgin 
cedar forests extended throughout Florida and Georgia, but most of them 
have been cut down. Juniperus virginiana now grows in a fairly continu- 
ous belt running approximately from the central part of Virginia, through 
North Carolina and the northern edge of South Carolina, into Tennessee, 
central Kentucky and northern Alabama. Throughout this region the tree 
occurs almost everywhere; it also grows scattered in certain sections of 
Arkansas (Ozark Mountains), southern Alabama, Mississippi, Texas and 
Florida. 

The red cedar seems to prefer calcareous soil; it thrives on dry hillsides 
and in swampy land. On limey soil it develops faster, more vigorously and 
luxuriantly, and probably produces more essential oil than on other types 
of soil. The tree grows wild and prolifically, seeding itself quickly. The 
only planted stands are those established by the Forest Department of 
North Carolina for the control of soil erosion. Forest fires occur particu- 
larly among the young trees (which burn easily) and constitute the chief 
obstacle to rapid expansion of red cedar forests. 

Most of the present cedar forests are owned by private individuals, who 
exploit them by felling mature trees, preserving the young ones for later 
years. If sufficient old trees are left standing for spontaneous reseeding, 
no new trees need be planted for reforestation. Some cedar forests are 
exploited by sawmills which purchase the right of felling the trees (“timber 
right’”’) from the landowners. Cutting goes on throughout the year, par- 
ticularly at periods when the farmers are not busy with their principal 


1 Note, however, that the “White Cedar’ of the New Jersey pine barrens is really 
Chamaecyparis thyotdes (L.) BS.P. 
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crops. The felled logs are hauled to the nearest road with tractors or horse 
teams, and are then trucked to the sawmills. 

The essential oil is contained chiefly in the reddish heartwood of Juniperus 
virginiana L.; the white sapwood contains very little oil. Distilling sap- 
wood for experimental purposes, the author obtained only 0.2 per cent of an 
oil with a poor odor, not at all characteristic of red cedarwood. 

As the tree grows older it develops more heartwood and the outer layer 
of sapwood becomes thinner each year. For this reason trees younger than 
twenty-five years should not be felled. Woodsmen distinguish between 
“virgin cedars,” which are older trees, and “sap cedars,” the younger trees. 
On steam distillation the wood of the former yields about 3.5 per cent of 
volatile oil, that of the latter less than 1 per cent. The oils distilled from 
the two types of trees differ considerably in regard to their odor and chem- 
ical composition. Huddle? noted that the oil derived from “virgin cedars” 
contains more high boiling constituents, and has a stronger odor than the 
oil from “sap cedars.”’ The latter, on the other hand, is richer in cedrol 
(see below). 

Production of the Oil.—Prior to 1917, practically all commercial cedar- 
wood oil was produced by manufacturers of cedar pencil slats. For this 
purpose they had to use virgin timber, viz., old original growth of large 
trees with practically no knots and a straight, even grain. As early as 1910 
most of this timber had been cut out from the forests, and the pencil slat 
manufacturers were forced to purchase cedar fence rails and old log cabins 
built by early settlers many years before with wood from virgin forests. 
Obviously, all the sapwood had disappeared from this old timber, which 
consisted entirely of red heartwood. Moreover, it had been seasoned for 
fifty years or more, and exposed to all kinds of weather. At the time of 
Rabak’s investigation,? most cedarwood oil still came from such material 
(see below). 

About 1917, one of the present large distillers started production of cedar- 
wood oil, using as raw material sawdust from freshly cut cedar trees em- 
ployed in the manufacture of cedar chests, closets and linings. This timber 
was not only freshly cut, but it was the class of timber referred to by pencil 
slat manufacturers as second, small growth, or “sap cedar.” It was the 
cedar used for making cedar boards, and contained a great many knots. 
Because of the knots and the twisted grain, these trees were not suitable 
for the making of pencils; most of the trees were not more than twenty-five 
or thirty years old. 

The pencil slat manufacturers claimed that oil from second growth cedar 
would be unsatisfactory for commercial purposes. As a matter of fact, the 


2 Ind. Eng. Chem. 28 (1936), 18. 
8 Am. Perfumer 28 (1929), 727. 
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records of essential oil houses show that for many years this type of cedar- 
wood oil had to be sold at a discount. Gradually, however, the wood from 
rails and log cabins was used up, the cedar pencil slat business declined, 
and the oil had to be distilled more and more from sawdust of younger 
trees. There are still a few slats produced, but only on a small scale and, 
as far as the author knows, none of the mills now producing pencil slats 
have any equipment for distilling the oil. Their sawdust is usually mixed 
with dust from other wood products, and there is not enough of it to justify 
installation of the equipment. 

To summarize: oil of cedarwood is distilled today almost exclusively 
from shavings and refuse obtained in the manufacture of boards and 
shingles for cedar chests, wardrobes, dressers and closet linings; also for 
wine coolers, ice buckets, pails, etc. The wood employed for this purpose 
comes from relatively young trees. 

Total Production.—Production of the oil in the southeast varies greatly 
from year to year. In 1950 it amounted to about 450,000 Ib., in 1951 it 
exceeded 500,000 lb. The latter figure represents the largest quantity pro- 
duced in any previous year. ; 

Distillation and Yield of Oil.—Since the red cedar tapers considerably 
with height, the felled trees are first cut into logs about 8 ft. long, this 
size being the most convenient for sawing boards. In order to make the 
waste wood suitable for distilling, it is fed into hogging machines, grinders 
and hammer machines, reduced to small size, and blown into the stills. 

The distillery of the most important cedarwood oil producer‘ comprises 
sixteen galvanized iron stills, each 10 ft. high and 6 ft. wide, and each 
insulated with a heavy wooden jacket. The pressure in the steam generator 
is about 150 lb., but the live steam entering the stills is reduced to only a 
few pounds of pressure. Distillation of one batch of chips and dust lasts 
10 to 12 hr. The condensate runs first into an oil separator where the 
direct, lighter-than-water, oil separates automatically from the distillation 
water. The latter then flows into a second, larger tank where, after cooling 
and settling, it separates an additional but small quantity of oil; this has a 
high specific gravity and dark color and is often referred to as “heavy oil” 
(see below). - 

The yield of normal oil from fresh chips and dust ranges from 2 to 2.5 
per cent. The theoretical yield amounts to 3 per cent, but in actual practice 
this seems almost impossible to obtain. Distillers claim that long exposure 
of the sawdust to sunlight reduces the yield of oil, probably by resinifica- 
tion. Exposure of the sawdust to moist atmosphere also results in a lower 


4The author is greatly obliged to Mr. A. L. Foster, Greensboro, N. C., for the assist- 
ance extended to him during a visit to the cedar oil producing regions. 
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yield of oil, probably because of fermentation. Such oil is cloudy, discol- 
ored, and lacking in the typical cedarwood character. Therefore, sawdust 
should be distilled as fresh as possible. 

According to Huddle,® “virgin cedar” yields about 3.5 per cent of oil; 
“sap cedar” less than 1 per cent (see above). The larger the proportion of 
heartwood, the more oil the tree contains. Heartwood from either “sap 
cedar” or “virgin cedar” yields approximately the same amount of oil. 

Physicochemical Properties.—The volatile oil derived by steam distilla- 
tion of the wood of Juniperus virginiana L. is an almost colorless, somewhat 
viscous liquid with a soft, balsamic, and very lasting odor, characteristic of 
red cedarwood. Occasionally the oil is permeated with crystals of cedrol. 

According to Gildemeister and Hoffmann,® oil of cedarwood has the fol- 
lowing properties: 


Specific Gravity at 15°.............. 0.943 to 0.964 

Optical Rotation. ................6. —18° 0’ to —42° 0’ 

Refractive Index at 20°............. 1.50 to 1.51 

Acid Number............ Siuieceete ots Up to 1.5 

Ester Number................. «... Up to 12 

Ester Number after Acetylation...... 26 to 68 
Solubility........ 0... ccc ce eee e eens Sparingly soluble in alcohol. One 


volume of oil requires from 10 to 
20 vol. of 90% alcohol for solu- 
tion. In a few cases only 7 to 10 
vol. of 90% alcohol, or up to 7 
vol. of 95% alcohol are required 


for solution 
Boiling Range at atm. pr.: 
264° ~275° ee ee eee er eee n ee About 84% 
B18 200 eet te ro esews waeresek About 10% 


Shipments of genuine cedarwood oils from the southeastern part of the 
United States, examined in recent years by Fritzsche Brothers, Inc., New 
York, had properties varying within these limits: 


Specific Gravity at 15°/15°...... 0.949 to 0.961 

Optical Rotation............... —25° 27’ to —37° 15’ 

Refractive Index at 20°......... 1.5030 to 1.5067 
Solubility............ 0.00. ceeee Occasionally soluble in 8 to 10 vol. of 


90% alcohol; often 0.5 to 4.5 vol. of 
95% alcohol are required to give a 
clear solution 


The natural (crude) oils produced in the cedarwood sawmills usually 
possess a pale yellow color. To obtain clear, colorless oils, the crude oils 


5J. Ind. Eng. Chem. 28 (1936), 18. 
6‘Die Atherischen Ole,” 3d Ed., Vol. II, 268. 
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must be rectified (redistilled). Oils rectified in recent years by Fritzsche 
Brothers, Inc., exhibited the following properties: 


Specific Gravity at 15°/15°............ 0.938 to 0.953 

Optical Rotation. ............ 2.0000 —32° 50’ to —50° 55’ 

Refractive Index at 20°............... 1.5024 to 1.5052 

SOMIDIMGY soos Sch isk ob i sawed Cardoeds Soluble in 3 to 6 vol. 
and more of 95% 
alcohol 


Examining the physicochemical properties of oils distilled from fresh and 
from old cedarwood, Rabak* reported these values: 


Fresh Old 
Wood Wood 
Specific Gravity at 20°............. 0.9623 0.9406 
Optical Rotation. ................. —25° 48’ — 52° 6’ 
Refractive Index at 20°............ 1.5050 1.5020 
Acid Number............c.ecccees 1.25 0.26 
Ester Number............0ccseece 2.67 0.87 
Ester Number after Acetylation..... 38.6 13.03 
Ester Content, Calculated as Cedryl 
Acetate cists hein ce cseesees 1.25% 0.47% 
Total aa Content, Calculated as 
coNewle-ee ieee a wees eeahaes 15.76% 5.20% 
Free Alcohol Content, Calculated as 
COO Oli sikacecd eee ses ceueewnes 14.71% 4.80% 
Combined Alcohol Content, Calcu- 
lated as Cedrol.................. 1.05% 0.40% 
Solubility in 95% Alcohol.......... All proportions, 1 part in 
5.5 vol. 


According to Rabak,® the specific gravity and refractive index are higher 
in the oil from fresh wood than in that from old wood. The much lower 
laevorotation of the former results from the fact that it contains a high 
percentage of free cedrol (which has a dextrorotation of +9°30’) and 
therefore a lower percentage of the hydrocarbon, cedrene, which is strongly 
laevorotatory (—55°). The higher percentage of oxygenated constituents 
present in the oil from fresh cedarwood possibly also accounts for the 
greater solubility in 95 per cent alcohol. 

Calculating from the ester numbers and ester numbers after acetylation 
of the two oils it appears that the oil from fresh cedarwood contains 14.71 
per cent of free cedrol, whereas that from old cedarwood contains but 4.8 
per cent. This is further borne out by the fact that 12.5 per cent of crystal- 
line cedrol was obtained from the former, while none could be separated 
from the latter by the same method (see below). 


7 Am. Perfumer 28 (1929), 727. 
8 Ibid. 
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In general it can be said that the higher the specific gravity and the 
refractive index, and the lower the optical rotation of the oil, the higher is 
its cedrol content and the lower its cedrene content. 

As regards the heavy red oil, small quantities of which separate from the 
stored distillation water (after separation of the main oil; see above in the 
section “Distillation and Yield of Oil’), it has little practical value. A 
sample of red oil examined by the author had these properties: 


Specific Gravity at 15°.............. 0.979 

Optical Rotation. ..............000. Too dark 

Refractive Index at 20°............. 1.5090 

Total Alcohol Content, Calculated as 

Cedric a5 ssc entices seus 32.6% 

Solubility at 20°.................08. Soluble in 0.5 vol. and more 
of 90% alcohol 

OdOb 2s bisa cohen isantiedaaks Not as soft and smooth as that 
of regular cedarwood oil, 
but slightly stronger 


Redistillation of this oil with steam yielded 42 per cent of a water-white 
clear oil, and a viscous dark residual oil. These two oils exhibited the 
following properties: 


White Oil Residual Oil 
Specific Gravity at 15°.......... 0.952 1.008 
Optical Rotation............... —36° 56’ Too dark 
Refractive Index at 20°......... 1.5041 1.5190 
Total Alcohol Content, Calculated 
as Cedrol............000c ees 2% 53.3% 
Solubility at 20°................ Cloudy in 10 vol. and _—_— Soluble in 7 vol. and 
more of 90% alcohol more of 90% alcohol 
OOF es.4e ree ita caeses Lacking in the charac- §_ Possessing a pleasant, 
teristic woody note soft cedrol note 
of normal cedarwood 
oil 


Cedrol Content of the Oil, and Assay.—In 1895, Schimmel & Co.* made 
the statement that old cedarwood yields a semisolid oil permeated with 
crystals of cedrol. Schimmel & Co. ekpressed the belief that cedrol is not 
a normal constituent of the fresh wood, but is formed on aging of the wood. 
For years the Schimmel chemists tried to prove the presence of cedrol in 
cedarwood oil, but in vain. Gildemeister and Hoffmann ventured the 
opinion that cedrol is not present in all cedarwood oils, but is formed in 
cedarwood chips or sawdust which, prior to distillation, had been exposed 
for some time to the influence of air, perhaps humid air. Special experi- 


® Ber. Schimmel & Co., April (1895), 19. 
20 ‘Die Atherischen Ole,” 8d Ed., Vol. II, 270. 
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ments, conducted by Rabak*! in 1929, demonstrated the fallacy of this 
theory. Rabak proved that cedarwood oils distilled from sawdust (a 
commercial by-product in the processing of fresh cedar logs) almost in- 
variably became semisolid with crystals of cedrol, even at room tempera- 
ture. On cooling, these oils turned into a solid, buttery mass. On the 
contrary, oils distilled from the waste resulting from old cedar fence rails 
and old stumps could not be made to yield crystalline cedrol, even at low 
temperature (cf. “Oil of Juniperus procera,” p. 369, below). 

Rabak }* devised a simple method for the separation and quantitative 
assay of cedrol in cedarwood oil; it is based upon the insolubility of cedrol 
in cold dilute alcohol. Details of the method will be found in Vol. I of 
the present work, p. 330. Under proper conditions solidification takes place 
with remarkable suddenness. This phenomenon is doubtless physical, and 
results from the extreme insolubility of cedrol in cold dilute alcohol; solidi- 
fication will not take place until the distribution of the alcohol is uniform 
throughout the oil, or until complete emulsion with the oil is formed. In 
no case did oils from the fresh cedarwood fail to solidify. Several samples 
of oil prepared by Rabak from the sawdust of fresh cedar, tested by this 
method, gave the following results: 


Sample Per Cent 


No. Cedrol 
1 Pee ere 11.2 
) J Pe 11.3 
Sees ieee: 11.3 
Ba Matsa 13.2 
Diva sareseticdten 13.7 
6s genesis 13.8 


The results show that cedrol was distilled over as one of the constituents 
of the oil throughout the distillation period of 2 hr. The final portions of 
the oil contained a higher percentage of cedrol than the earlier portions. 
The composite sample of the oils obtained from this distillation yielded 
12.5 per cent of cedrol. 

According to Rabak,'* two distinct sources for the production of crystal- 
line cedrol are available: 


1. Oils distilled from the waste of fresh cedarwood afford a considerable 
quantity of cedrol by means of the simple and inexpensive method described 
above. 

2. The kilns used for drying the large quantities of cedar lumber em- 
ployed in the manufacture of cedar chests offer another source of supply. 


11 Am. Perfumer 28 (1929), 727. 18 Jord. 
12 Ibid. 
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The vapors escaping from these drying kilns, if properly concentrated and 
condensed, will yield large quantities of cedrol that are now entirely 
wasted. The kilns are frequently festooned with these crystalline sub- 
stances in crude form. When lumber dried in the kilns is distilled, the oil 
obtained contains but little cedrol, since a large portion has been removed 
by the drying process. At ordinary temperatures, such oil is liquid and 
even at low temperature fails to deposit crystals of cedrol. 


A third method of isolating cedrol is, obviously, the fractionation of 
cedarwood oils that contain a relatively high percentage of cedrol. 

Fractionation of Cedarwood Oil.—Huddle ** studied the conditions neces- 
sary for successful fractionation of cedarwood oil and emphasized the de- 
sirability of an inert atmosphere, a pressure sufficiently low to permit the 
maximum temperature of the still contents not to exceed 145°C., and 
selection of the refractive index as the most convenient physical property 
to use in the cutting of fractions. Plotting the volumes of the various frac- 
tions against their refractive indices, Huddle showed that it is possible to 
establish limits within which the properties of pure commercial oils should 
fall. 

Huddle *® also noted an apparent mutarotation, and an odor reminiscent 
of cedar leaf oil in the most volatile portions of the wood oil. 

Analysis of Cedarwood Oil.—Because of its low price, oil of cedarwood 
(from Juniperus virginiana L.) is seldom adulterated. A careful organo- 
leptic examination, however, is always indicated. The oil should possess 
a very soft, balsamic odor, characteristic of the wood; it should not have 
any cedar leaf character, nor the somewhat harsh note typical of the oil 
derived from the wood of Juniperus mexicana Schiede. 

Determination of the physicochemical properties is advisable. Crude 
(nonrectified) oil of Juniperus virginiana usually possesses a lower optical 
rotation than the oil distilled from the wood of Juniperus mexicana. 

If the alcoholic constituents have to be assayed (total alcohol content 
determined by acetylation and subsequent saponification, see Vol. I of this 
work, p. 271), it should be remembered that the relatively complex alcohols 
contained in cedarwood oil are not easily acetylyzed nor are their esters 
readily saponified. This can be best demonstrated by the following data 
obtained in the laboratories of Fritzsche Brothers, Inc., New York. A pure 
commercial cedarwood oil was acetylyzed (and then saponified), in order 
to determine its total alcohol content in per cent: 


14 J, Tenn. Acad. Sci. 18, No. 4 (1938), 259. 
18 Ibid. 
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Saponification Acetylation Period 
Period, in Hours 1 Hour 2 Hours 
Doh Dude cesta ded at Gans caes 16.4% 17.2% 
2 .cs cae ome geeaws 20.1% 21.3% 
5 ee arr ee eae 22.38% 22.5% 


For the assay (and isolation) of cedrol alone, the previously-described 
method of Rabak can be recommended. Like most assays based upon the 
actual separation of a constituent by physical means, the method of Rabak 
does not give absolutely accurate results. However, it yields comparative 
data, provided all experimental conditions are carefully controlled. Exam- 
ination of five commercial cedarwood oils (Juniperus virginiana L.) in the 
laboratories of Fritzsche Brothers, Inc., New York, yielded crystalline 
cedrol in amounts ranging from 3.6 to 12.0 per cent. 

Chemical Composition.—The chemical composition of the volatile oil 
derived from the wood of Juniperus virginiana L., and the structural for- 
mulas of its chief constituents, cedrene, cedrol, and cedrenol, have been 
investigated by numerous researchers in the course of more than a century. 
However, despite intensive work carried out by leading experts in terpene 
chemistry, among them Semmler, Treibs, Naves, Ruzicka, Plattner and 
their collaborators, it has not yet been possible definitely to establish undis- 
puted structural formulas for these compounds. Several configurations have 
been proposed in recent years, but absolute proof of the correctness of any 
of these has not yet been advanced. The most recent work on the subject, 
at this writing, is a series of doctorate theses,!° reporting research done 
under the supervision of Ruzicka and Plattner, but not yet published in 
the scientific press: apparently the structures suggested for cedrene, even 
in these most recent papers, cannot be accepted as demonstrated beyond 
doubt. 

In 1948, Plattner *” proposed either one of the following two azulenic 
formulas for cedrene: 


16 Heinrich Kléui, “Abbau der Nor-cedren-dicarbonsdure” (1947); Gerhard W. Kus- 
serow, “Zur Kenntnis des Cedrens” (1948); Stanislaw Meyer, “Ueber die Konstitu- 
tion des Cedrens, (1949), Dissertation Theses, Eidgenossische Technische Hochschule 
(Ziirich, Switzerland). 

17 Chimia 2 (1948), 248. Cf. Angew. Chemie 61 (1949), 109. 
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Oil of cedarwood contains about 80 per cent of cedrene CisHx, from 3 
to 14 per cent of cedrol CisH2.O, and a small quantity of cedrenol C,,;H2,0. 
The cedrol occurs in the oil in crystallizable and in liquid form; the two 
modifications are stereoisomers, but identical chemically. 

Years ago Semmler and collaborators ** were able to show that cedrene, 
cedrol and cedrenol are related in a simple way: 


Cy12He20 Ci2H209 Ci2H20 

| | 
bib nobddén, dodo 
bar. H3 sar, -OH 
Cedrene Cao Cedrol Cedrenol 


More recently Naves et al.!® have demonstrated that the cedrene isolated 
from cedarwood oil by fractional distillation consists of a mixture of several 
isomers. The chief component (about 75 per cent) of these isomers is 
«-cedrene, which contains an endocyclic double bond and is identical with 
the so-called “artificial” cedrene obtained by dehydration of cedrol. An- 
other component of the mixture of cedrene isomers is 8-cedrene, which 
contains an exocyclic methylene group: 


Ci2Ho20 Ci2He9 
| 
=CH 0-H 
bar, CHg 
a-Cedrene f-Cedrene 


Aside from a- and #-cedrene, the mixture of cedrene isomers contains 
small quantities of bicyclic sesquiterpenes similar to the cedrenes. 

As regards cedrol, a tertiary sesquiterpene alcohol C;,H2.O, this occurs 
in cedarwood oil as crystallizable cedrol m. 86°, and as liquid cedrol, also 
called pseudocedrol. The two forms must be considered stereoisomers; 
Kimura ?° was able to show that liquid cedrol, on heating with potassium, 
or on saponification of its xanthogenate, yields crystallized cedrol m. 86°. 

According to Semmler and Meyer,?* pseudocedrol Cis;H2gO has these 
properties: by 147°-152°, a2? +21° 30’, n® 1.5131. On dehydration with 
formic acid, pseudocedrol, like cedrol, yields cedrene. 

The presence of the following compounds has been reported in cedarwood 
oll: 

18 Ber. 40 (1907), 3521; 45 (1912), 355, 786, 1384, 1553; 47 (1914), 2257. 
19 Helv. Chim. Acta 26 (1943), 302, 304, 305. 


20 Ber. deut. pharm. Ges. 20 (1910), 293. 
21 Ber. 45 (1912), 1384. 
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Cedrene. First isolated from the oil by Walter,™ and later more thoroughly investi- 
gated by Chapoteaut,?* Chapman and Burgess,** and Rousset.** 

Semmler and collaborators 2° showed that both the cedrene contained in cedar- 
wood oil and the cedrene obtained by dehydration of cedrol, on oxidation with 
potassium permanganate solution or with ozone, yield the same cedrene keto 
acid. This acid is liquid, but can be identified by preparation of its crystalline 
semicarbazone m. 162°. Moreover, on oxidation with bromine lye the keto acid 
in all cases yields crystalline cedrene dicarboxylic acid m. 182.5°. Therefore, the 
best method of identifying cedrene consists in its oxidation to cedrene keto acid, 
and in the oxidation of the latter to cedrene dicarboxylic acid. (For further 
details regarding cedrene see above, and Vol. II of the present work, p. 116.) 

Oil of cedarwood contains about 80 per cent of cedrene. 


Cedrol and Pseudocedrol. Cedrol, also called ‘Cedar Camphor,’’ was first observed 
in cedarwood oil by Walter *” more than a century ago. This tertiary sesquiter- 
pene alcohol occurs in the oil as crystallizable cedrol m. 86°, and as pseudocedrol, 
the liquid stereoisomeric form of cedrol (see above, and Vol. II of this work, 
p. 284.) 


Cedrenol. This primary sesquiterpene alcohol was first noted in the oil by Semmler 
and Mayer.** (For further details see above, and Vol. II of this work, p. 283.) 


Sesquiterpenes(?). Some years ago, Glichitch and Naves ** observed the presence of 
dextrorotatory, bicyclic sesquiterpenes in the last runs of cedarwood oil. More 
recently, Naves and co-workers 2° found that the dextrorotatory fraction (3 to 
4 per cent of the oil), on repeated dehydrogenation with selenium at 290°-320°, 
yielded 0.32 per cent of an azulene mixture, in which S-guaiazulene could be 
identified. 


Cedarwood Oil as Adulterant, and Its Detection.—Because of its low 
price and comparatively faint odor, oil of cedarwood is not infrequently 
used as an adulterant of more expensive oils, patchouly, vetiver, and sandal- 
wood oils among them. In many cases cedarwood oil can be detected by 
its poor solubility in 90 per cent alcohol, high specific gravity, high boiling 
range, and pronounced laevorotation. In cases where physical tests fail, 
the presence of cedarwood oil can be proved chemically by submitting the 
suspected oil to fractionation. The cedrene fraction b. 263°-264°, or 
big 123°-124° is then oxidized with potassium permanganate solution to 
cedrene keto acid CisH2Os, bio 205°-215°, which can be identified by 
preparation of its semicarbazone m. 162°. Further oxidation of the 
22 Liebigs Ann. 89 (1841), 247. Ann. chim. [3], 1 (1841), 498. 

28 Bull. soc. chim. [2], 87 (1882), 303. 
34 Proc. Chem. Soc. (1896), 140. 

26 Bull. soc. chim. [3], 17 (1897), 485. 
26 Ber. 45 (1912), 355, 791, 1389, 1556. 
37 Inebigs Ann. 89 (1841), 247. 

28 Ber. 45 (1912), 786. 


29 Chimie & tndustrie, Numéro Spécial, 19 (1928), 482. 
80 Helv. Chim. Acta 26 (1943), 302, 324. 
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cedrene keto acid with alkaline bromine solution yields crystalline cedrene 
dicarboxylic acid m. 182.5° (see above, “Chemical Composition’’). 

Use.—Oil of cedarwood is used widely in perfumery, and for the scenting 
of soaps, technical preparations, room sprays, disinfectants and similar 
products. It is an excellent odor fixative. 

For clearing microscope sections a selected rectified oil of cedarwood 
should be used having a refractive index about 1.504 at 20°. For use with 
immersion lenses a specially prepared viscous oil having a refractive index 
of exactly 1.515 at 18° is required. 


OIL OF RED CEDAR LEAVES 


The term “Cedar Leaf Oil” would appear to imply that the oil in question 
is distilled from the leaves of the red cedar tree, Juniperus virginiana L. 
(fam. Cupressaceae). This, however, is not the case; the leaves of the red 
cedar are not used for the isolation of their essential oil. The commercial 
term “Cedar Leaf Oil” actually refers to the oil distilled from the leaves of 
the white cedar, Thuja occidentalis L. (fam. Cupressaceae), cf. the mono- 
graph on “Oil of Thuja,” p. 325 of the present volume. 

Oil from the leaves of the red cedar, Juniperus virginiana L., has been 
distilled only occasionally. In an experiment carried out by Fritzsche 
Brothers, Inc.,2* New York, in 1894, the yield of oil was 0.2 per cent. Simi- 
lar experiments were undertaken later by Hanson and Babcock.™ 

Physicochemical Properties.—The following properties were observed 
on these experimental oils: 


Specific Gravity at 15°............... 0.887 to 0.900 

Optical Rotation................006. +59° 25’ 

Saponification Number............... 10.9 

Ester Number after Acetylation....... 39.1 

Solubility dei: sii cectedaceeeaueaeys Insoluble in 10 vol. 
of 80% alcohol 


The oils had a pleasant, somewhat sweetish odor. On fractionation the 
bulk of the oil distilled below 180°. 
Several commercial oils of cedar leaves described by Gildemeister and 


81 Cf. Ber. Schimmel & Co., April (1894), 56. 
st J, Am. Chem. Soc. 28 (1906), 1201. 
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Hoffmann ** exhibited laevorotation and were probably derived from the 
leaves of Thuja occidentalis L. (see above). 

Chemical Composition.—In a true red cedar leaf oil, Schimmel & Co.** 
identified the following compounds: 


a-Pinene. In the lowest boiling fractions. Characterized by means of the nitroso- 
chloride. 


d-Limonene. Identified by preparation of the tetrabromide m. 104°-105°. 


Borneol. M. 203°-204°. Present in the oil partly free, partly esterified [with iso- 
valeric acid(?)]. 


Cadinene. In the highest boiling fractions. 


Use.—As was mentioned above, the oil from the leaves of the red cedar 
is not produced on a commercial scale. 


OIL OF TEXAN CEDARWOOD 


Botany, Habitat, and Range.—Juniperus mexicana Schiede (fam. Cu- 
pressaceae), the so-called “Texas Cedar” is a small to medium sized tree, 
growing up to 20 ft. in height. Its trunk and branches are irregular in 
shape and usually crooked; hence the timber cannot be used for sawing 
into boards for closet linings, chests, and other furniture. Moreover, on 
exposure to the atmosphere the wood easily develops cracks. 

The tree occurs in a wide range, from central and western Texas, through 
Mexico, as far south as Guatemala. It grows at altitudes of 700 to 2,500 
ft., usually on rough and rocky limestone hills, but prefers deep sand with 
a thin top soil. This type of land has little value, except for grazing of 
cattle. Because of the poor soil and a dearth of rainfall, the cedar trees 
grow very slowly, developing much heartwood and only little sapwood. 
This fact offers a considerable advantage as regards distillation of the essen- 
tial oil, which is contained in the heartwood only. According to Pool,* the 
whole area in Texas, where Juniperus mexicana Schiede grows, now com- 
prises about three million acres, leaving sufficient cedar trees for many 
years to come. 

88 “Die Atherischen Ole,” 3d Ed., Vol. II, 274. 


84 Ber. Schimmel & Co., April (1894), 56; April (1898), 14. 
1Chemurgic Digest 7, No. 7 (1948), 7. 
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The essential oil derived by distillation of the heartwood has been on 
the market intermittently since about 1929, when the first distillery was 
started in Rock Springs, Texas. In the beginning the oil was shipped in 
the crude state, without being refined, but recently a large distillery located 
on the Guadeloupe River, about three miles north of New Braunsfels in 
Texas, has begun to produce the oil with more modern methods. The in- 
dustry prospered for a time, and from 1945 to 1948 about 150,000 Ib. of oil 
were produced yearly by three distilleries in Texas. Lately, however, pro- 
duction has declined for several reasons, among them the fact that the 
Texan oil cannot easily compete with the regular cedarwood oil derived 
in the southeastern states from Juniperus virginiana L. The Texan oil 
is distilled from wood of trees that have to be cut specifically for this 
purpose, whereas the oil of the species virginiana is a low priced by-product, 
distilled from waste sawdust and shavings in the operation of large timber 
mills. 

Nevertheless, the Texan oil will be discussed here, because during and 
after World War II large quantities reached the market, and production 
can be increased again, whenever demand and prices warrant it. Moreover, 
the Texan oil is an excellent source for the isolation of cedrol. 

Distillation and Yield of Oil.—According to Pool,? the timber is usually 
cut by Mexican laborers on a contract basis, by the cord, and is stacked in 
the cut-over area to dry. When dry, the wood grinds and distills better 
than when green. Usually the wood is seasoned for 90 days, but will not 
suffer when left outdoors for a year or two. 

When ready for use, the wood is reduced by means of wood hogs and 
hammer mills to chips of 6-mesh size; these are conveyed into stills of 
7 by 10 ft. holding 5,000 lb. of grindings. Distillation of one charge re- 
quires about 6 hr., and results in a high-grade oil. Albers* mentions two 
stills in a distillery with a combined capacity of 21,000 lb. of comminuted 
wood (4,-mesh). In this distillery 16 hr. are required to exhaust the 
charge in the stills. 

The yield of crude oil varies between 1.8 and 2.3 per cent. Rectification 
of the crude oil entails a loss of 15 to 20 per cent. If left for some time 
in the rectification still, the “tailings” (residue) become waxy or crystalline. 

Physicochemical Properties.—Crude Texan cedarwood oil is a reddish to 
brown colored, somewhat viscous liquid with an odor characteristic of 
cedarwood, but not as soft as that of the oil derived from the wood of 
Juniperus virginiana L. Compared with the latter, the oil from Texas ex- 
hibits a higher laevorotation, and a higher cedrol content. Because of their 


2 Ibid. 
3 Cf. Windemuth, Pharm. Arch. 16, No. 2 (1945), 17. 
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higher cedrol] content, good Texan oils usually have a high specific gravity, 
a property always desirable in cedarwood oils. 

The above-mentioned large distillery near New Braunsfels in Texas has 
tried to market its oil in several grades, viz., crude (natural) oil, white 
(rectified) oil, liquid pseudocedrol, crystalline cedrol, and (residual) cedar- 
wood tar. The various grades are obtained by fractionation of the crude 
(natural) oil 2n vacuo in an atmosphere of nitrogen. 

Samples and shipments of the different qualities analyzed by Fritzsche 
Brothers, Inc., New York, had these properties: 


Specific Gravity at 15°/15°...... 0.945 to 0.978 

Optical Rotation............... — 33° 54’ to —62° 3’ 

Refractive Index at 20°......... 1.5029 to 1.5084 

DODGY acces eset eeeennesas Usually soluble in 8 to 10 vol. 
of 90% alcohol 


These limits are rather wide because many of the samples analyzed 
represented fractions of the crude oil (see above). The Scientific Section 
of the Essential Oil Association of the U. S. A. recommended the following 
limits for the best commercial grades of this oil: 


Specific Gravity at 15°/15°...... 0.950 to 0.960 

Optical Rotation............... —35° 0’ to —50° 0’ 

Refractive Index at 20°......... 1.5040 to 1.5070 

SOMDUINGY ccc secedceue Secondo Soluble in all proportions of 
95% alcohol 


Chemical Composition.—The volatile oil derived by steam distillation of 
the wood of Juniperus mexicana Schiede contains approximately the same 
constituents as the oil of Juniperus virginiana L., but in different propor- 
tions. As was pointed out above, the cedrol content is higher in the Texan 
oil. 

Investigating the chemical composition of oil of Juniperus mexicana 
Schiede, Windemuth ‘ found that it contains cedrene, cedrol and probably 
pseudocedrol (cf. the monograph on “Oil of Red Cedarwood” from Juniperus 
virginiana L.—section “Chemical Composition”). 

Use.—Crude cedarwood oil from Texas, and its various fractions, are used 
for the scenting of soaps and numerous technical preparations, among them 
room sprays, deodorants, insecticides, moth-proof clothing bags, floor pol- 
ishes, janitor’s supplies, lubricating greases, etc. 


4 Ibid. 
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OIL OF JUNIPERUS PROCERA HOCHST. 
(Oil of East African Cedarwood) 


The East African cedar, Juniperus procera Hochst. (fam. Cupressaceae), 
grows over wide ranges of Bast Africa, particularly in Abyssinia, Usam- 
bara, Kenya, and Tanganyika. In some sections it forms extended forests. 
The tree prefers altitudes ranging from 1,500 to 3,000 m. The wood of 
Juniperus procera Hochst. closely resembles that of Juniperus virginiana L., 
the North American red cedar. 

Distilling shavings and comminuted pencil slats derived from the wood of 
the East African cedar tree, Schimmel & Co.' obtained 3.2 and 3.24 per 
cent, respectively, of essential oil. Macculloch? reported a yield of 2 per 
cent of oil from fresh wood shavings. More recently, Beckley * obtained 
0.96 to 2.57 per cent of oil from wood shavings. The older the shavings, the 
lower was the yield of oil. Fresh shavings contained 1.42 per cent, two- 
year-old shavings 0.28 per cent, and seven-year-old shavings 0.02 per cent 
of oil. After eleven ‘years the shavings yielded only traces of oil. 

Physicochemical Properties.—The oil derived from the wood of Juniperus 
procera Hochst. is a liquid, or a semisolid mass permeated with crystals. 
The odor of the oil resembles that of cedarwood and vetiver root. The 
color of the oil ranges from light yellow to reddish-brown. 

Gildemeister and Hoffmann‘ reported the following properties for East 
African cedarwood oil: 


Specific Gravity at 15°............. 0.968 to 0.988 
Optical Rotation.................. — 16° 0’ to —38° 30’ 
Refractive Index at 20°............ 1.480 to 1.509 

Acid Number............... cee 1 to 15 

Ester Number.................00- 1 to 9 


Ester Number after Acetylation..... 70 
Ester Number after Cold Formylation 87.5 to 92.75 § 
Alcohol Content, Calculated as Cedrol 36.27 to 38.55% 


Solubility......... 0.0.0.0 eee eeeceee Soluble in 60 vol. of 70% alcohol, 
in 1.6 vol. of 80% alcohol, in 
0.5 to 5 vol. of 90% alcohol 
The oils distilled by Beckley *° exhibited these properties: 
Specific Gravity at 15.5°........... 0.9453 
Optical Rotation. ................. — 47° 53’ to —63° 48’ 


1 Ber. Schimmel & Co., October (1911), 105. 

2 J. Soc. Chem. Ind. 88 (1919), 364T. 

8 Fast African Agr. J. 2 (1936), 127. Through Ber. Schimmel & Co. (1938), 12. 
4‘Die Atherischen Ole,” 3d Ed., Vol. II, 274. ¢ East African Agr. J. 2 (1936), 127. 
8 Chiris, Parfums France 4 (1926), 22. 
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Refractive Index.................. 1.4999 to 1.5141 
Acid Number..................... 0.56 to 1.12 
Ester Number.................... 0.94 to 5.66 


Schimmel & Co.’ removed the crystals from an oil by filtration and found 
that the liquid oil had the following properties: 


Specific Gravity at 15°............. 1.0289 

Optical Rotation.................. — 32° 30’ 

Refractive Index at 20°............ 1.51011 

Acid Number..................... 27.06 

Ester Number.................... 7.93 

Ester Number after Acetylation..... 89.6 

Solubility........0. 0.0... ccc eee eee Soluble in 2 vol. and more of 80% 
alcohol; soluble in 0.5 vol. of 
90% alcohol 


Chemical Composition.—The only constituent actually identified in the 

oil is cedrol (Schimmel & Co.). Beckley noted that the first fraction of 

a light colored oil had an odor reminiscent of pinene, whereas the corre- 

sponding fraction of a normal reddish-brown oil exhibited an odor of 

limonene. The same author found that the wood of young trees yielded 

oils with the largest amounts of cedrol (23 to 76 per cent). The cedrol 

from the oil of dried wood did not crystallize as readily as that from 

the oil of fresh wood. Macculloch noted that the amount of cedrol present 

in the oil depended on the interval between the time when the wood was 

disintegrated and the time when it was distilled. If the disintegrated wood 

had been exposed for some weeks to a hot sun, the oil obtained on distilla- 

| tion cooled to a mass of cedrol crystals. If not so exposed, but distilled a 

| few days after disintegration, the oil contaied only 38 per cent of cedrol. 

| Use.—According to the author’s knowledge, only small quantities of the 

oil have been produced. The oil could be used similarly to that derived 
from the wood of the North American red cedar. 


7 Ber. Schimmel & Co., October (1911), 105. 
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OIL OF JUNIPER BERRIES 


Essence de Geniévre  Aceite Esencial Bayas de Enebro 
Wacholderbeerol Oleum Junipert 


Botany, Habitat, and Range.—Juniperus communis L. (fam. Cupres- 
saceae), the common juniper, is a shrub or tree attaining a height of 3 m. 
or more, and a trunk diameter of 25 to 30 cm. It grows wild in many parts 
of Europe and Asia, ranging as far east as the western Himalaya Moun- 
tains and northeastern Asia. In North America, the bush or tree occurs 
south to Pennsylvania, and west to Illinois, New Mexico, and northern 
California. Juniperus communis L. is a very variable species with several 
geographical varieties and some garden forms; the typical upright form 
(var. erecta Pursh) is common in Europe, and occasionally found in the 
northeastern parts of North America. The most common North American 
variety, however, is Juniperus communis var. depressa Pursh, a low shrub 
rarely exceeding 1.5 m. in height. The “berries”? of the latter variety are 
inferior to those of the variety erecta, having a turpentine-like odor and . 
taste. Nevertheless, since the medicinal properties of both varieties appear 
to be equal, berries of the variety depressa were accepted as official in the 
National Formulary, during World War II, when supplies of berries from 
var. erecta could not be shipped from Europe. 

In general, the var. erecta grows in scattered stands, or together with 
other bushes. It thrives on sunny heaths and clearings in pine forests and 
mountain slopes exposed to the warm sun. Occasionally the trees form 
almost impenetrable patches, covering as many as 70 hectares. 

Juniperus communis L. is & dioecious plant, with the male reproductive 
organs on one individual, the female on another. The same tree bears 
green (unripe) one-year-old berries, and blue (ripe) two-year-old berries. 
The berries contain from 0.5 to 2.0 per cent of essential oil, which can be 
isolated by steam distillation. Ripe (blue) berries yield more essential oil 
than unripe (green) ones. The quality and yield of the oil depend greatly 
upon the geographical origin of the berries. 

Collection of the Berries.—Juniper berries are collected in a simple way. 
Harvesters carefully beat the branches of the bush with sticks, until the 
ripe (two-year-old) berries drop into baskets, or upon sheets placed be- 
neath the bush. Green (one-year-old) berries remain on the branches and 


1A. Rehder, “Manual of Cultivated Trees and Shrubs Hardy in North America,” New 
York, The Macmillan Company (1949), 62. 
2 They are not berrics in the botanical sense. 
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may be collected the following year. In the late afternoon, the harvested 
material is transported to the nearest village, where the berries are sifted, 
winnowed, and spread out in a thin layer on floors for drying in the sun or 
under a shed. Care must be taken to prevent fermentation, which easily 
takes place if the fresh berries are kept in sacks. Any berries damaged by 
fermentation are sold at a discount, because they possess an inferior flavor 
and poor appearance. 

Quality, Producing Regions and Export of the Berries.—The appearance, 
flavor, and essential oil content of the berries depend a great deal upon 
their geographical origin, and upon local conditions—among them climate, 
soil, altitude, and exposure to the sun. Trees growing at elevated altitudes 
and in warm sunny places produce the best berries. Those from Italy have 
always been considered of best quality; Hungarian berries follow next. 

(a) Itahan Berries.—Italy is by far the largest producer of juniper ber- 
ries. The berries are large, deep blue, rich in essential oil, and of excellent 
flavor. Harvest usually takes place from August 20 to September 10. Total 
production per year varies greatly depending upon the demand; in normal 
years it averages 3,500 to 4,000 metric tons.’ Prior to World War II, the 
bulk of this quantity went to Germany. 

The producing regions are in the Apennines, particularly in Tuscany, with 
Florence as center. The tree grows especially well at altitudes ranging 
from 600 to 1,200 m., on the warm hillsides and mountain slopes of the 
famed “Chianti Region,” near the villages of San Donato, Pocchi Ponzi, 
and Castellina. Another section in Italy, which produces, however, a some- 
what inferior quality of berries, embraces the eastern part of Venezia, and 
Istria (now partly Yugoslavian territory). The juniper trees here grow at 
altitudes from 200 to 700 m. These berries exhibit a somewhat reddish 
tint, and are not as blue as those from the Apennines. 

The Italian berries are usually offered in four grades: 


1. Large, hand-picked berries, sold to the trade in cellophane-wrapped, 
1-lb. lots, and retailed through groceries to households for cooking and 
home use. 

2. The next smaller size, graded in machines. Sold in sacks for general 
kitchen use, particularly for the making of preserves. 

3. Also machine-graded, these serve for various industrial purposes, for 
the flavoring of sauces, making of preserves, and for distillation of alcoholic 
beverages. Their price averages one-half of that of the No. 1 berries. 
Occasionally this grade of berry is sold in powdered form. 

4. The smallest berries, machine-graded, used primarily for the distilla- 


8 Ber. Schimmel & Co. (1939), 88. 
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tion of essential oil. Their price is usually only one-third of that prevailing 
for grade No. 1. 


(6) Hungarian Berrves—The Hungarian berries follow the Italian in 
regard to quality and quantity produced. In fact, certain sections of 
Hungary grow juniper berries equal in appearance and flavor to the Italian. 
Production in Hungary fluctuates greatly from year to year, depending upon 
the general demand and production in Italy; it may reach as much as 1,000 
metric tons per year. In 1937, for example, 470 tons of juniper berries were 
harvested in Hungary. Of this quantity, 322.8 tons were exported to 
Germany, 40.9 tons to other countries, while 106.3 tons were processed or 
stored in Hungary.‘ 

[In this connection it should be mentioned that in Hungary, and even 
more so in Czechoslovakia and Yugoslavia, large quantities of juniper 
berries are used domestically for distillation of “Borovitka,” a very popular 
alcoholic beverage of the gin type. In Germany, Austria, and Switzerland, 
it is called “Steinhager.” This spirit is nothing but an alcoholic distillate 
of fermented juniper berries, containing from 40 to 50 per cent of alcohol. 
Slovaks are particularly fond of this strongly flavored beverage. | 

Prior to World War I, Hungary was a very large producer of juniper 
berries, exporting yearly 70 to 80 railroad cars of berries. The bulk of 
these came from the northern Carpathian Mountains, which were then a 
part of Hungary. Most of the references found in the older literature on 
Hungarian juniper berries deal with those collected in this area. These 
berries are relatively small and of low sugar content. The northern Car- 
pathian Mountains are now part of Czechoslovakia; hence the berries must 
be classified as Czechoslovakian. 

In present-day Hungary the juniper tree grows abundantly in the north- 
ern mountain ranges, particularly near Bérzsdény, Cserhaét, M4tra and 
Biikk; in the Trans-Danubian sections, principally in the forests of Bakony, 
north of Balaton Lake; and in the sand hills between the rivers Danube 
and Tisza, particularly near Kecskemét. Here the soil consists of white, 
loose sand, which develops a typical sand dune vegetation (Gypsophila 
paniculata, Alkanna tinctoria, etc.). In this area the juniper tree often 
forms large, almost impenetrable stands. 

The berries produced today in Hungary, particularly in the driftsand 
region between the Danube and the Tisza, are larger than those from the 
northern Carpathian Mountains, and attain a diameter of 7 mm. and more. 
Most berries from Hungary measure about 6 to 7 mm. in diameter. One 
liter of berries weighs from 350 to 400 g. The best Hungarian berries com- 


4 Ibid. (1938), 110. 
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pare very well with those from Tuscany. Their flavor is mild and rich, 
with none of the undesirable turpentine off-note so characteristic of low- 
grade berries. 

(c) Czechoslovakian Berries—Like Hungary, Czechoslovakia is poten- 
tially a very large producer of juniper berries. Actual production, however, 
fluctuates greatly from year to year, depending upon world markets and 
economic and political conditions. Most of the berries originate from the 
northern Carpathian Mountains (see above); they are relatively small and 
of low sugar content. 

(d) Yugoslavian Berrves.—The quality of Yugoslavian berries depends 
upon local conditions. Those from Istria and adjacent sections in Dalmatia, 
for example, resemble the Italian berries, but usually exhibit a reddish, 
rather than a dark-blue, tint. Much depends upon the altitude. In Istria 
and Dalmatia the juniper tree grows at altitudes ranging from 200 to 700 m. 

(e) Tyrolean Berrves—Here again, geographical location and climate 
play an important role as regards appearance and aroma of the berries. 
Trees growing in the warm, sunny parts of the southern Tyrol produce 
much better berries than trees growing in the colder, rainy, and misty north- 
ern sections. The berries from the northern Tyrol often exhibit an odor and 
flavor reminiscent of the leaves of Pinus mugo Turra, the “Dwarf” or 
“Mountain” Pine, and other pinaceous trees. Nevertheless, substantial 
quantities of juniper berries are collected in the Tyrol (partly Austrian, 
partly Italian), but are used chiefly for the local distillation of “Stein- 
hager” (see above). 

(f) Berries from North-European Countries.—Juniper berries from Ger- 
many, Scandinavia, Poland, and Russia usually are of such poor aroma, 
and contain so little essential oil, that they cannot be used for distillation. 

(g) North American Berries—During World War II the United States 
was completely cut off from the former sources of Juniper berries in Europe, 
and many efforts were made to use North American berries (i.e., from var. 
depressa Pursh) for the distillation of the essential oil. Numerous experi- 
ments were made with berries from different regions (New England, Penn- 
sylvania, the southeastern states, California, Mexico, etc.), but only in a 
few cases was it possible to obtain distillates, the odor and flavor of which 
approximated those of the imported berries. In most instances the essential 
oil of the domestic material had a disagreeable, turpentine-like off-note. 
Moreover, collection of the berries from wild-growing trees in the United 
States is far too costly to compete with production abroad. In order to 
establish a domestic juniper berry industry in the United States or Mexico, 
it would be necessary to import selected strains of Juniperus communis L., 
var. erecta Pursh from Italy, and to plant them experimentally under varied 
conditions of soil, climate and altitude. (The juniper tree was cultivated 
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in Europe as far back as 1560;° today only wild-growing plants are 
exploited.) 

Chemical Composition of the Berries.—Investigating the chemical com- 
position of juniper berries, Casparis and Freund ® found that they contain 
8 per cent of resin (chiefly resin acids; phenols and esters absent), essential 
oil, 0.36 per cent of “juniperin” (probably a mixture of a tannin with a 
sugar or sugars), a mixed glyceride of A-isostearic acid (?) and 15-hydroxy- 
pentadecanoic acid m. 84° (acetyl derivative m. 59°), l-maleic acid, invert 
sugar, and potassium salts. 

Adulteration of the Berries——Years ago juniper berries from the Tyrol 
were occasionally adulterated with the small berries collected from Junt- 
perus communis var. nana Loud., the so-called “Dwarf” or “Mountain” 
juniper, a prostrate, spreading shrub growing prolifically on dry, sunny 
slopes in the Tyrolean Mountains, at altitudes up to 2,500 m. This bush 
invades pastures; but being an abode for mice and rats, it is avoided by 
cattle, and represents a great nuisance to the dairy farmer. Because of its 
small size, and the high altitudes at which this bush grows, collection of 
the berries is now much too costly to make adulteration of true juniper ber- 
ries with berries from var. nana profitable. 

Another adulterant of juniper berries, formerly used quite extensively, is 
the berry of Juniperus oxycedrus L., the so-called “Prickly Juniper.” This 
shrub grows wild and profusely in Spain, Italy (particularly in eastern 
Venezia and Istria), Dalmatia, Hungary and other countries where Juni- 
perus communis L. also thrives. The berries of the species orycedrus have 
a reddish color, and are larger than those of the species communis. The 
former possess a characteristic turpentine-like note, which is very unde- 
sirable in flavors. Years ago, genuine juniper berries were often adulterated 
with those of oxycedrus, particularly in Trieste and Leghorn, the principal 
shipping ports for juniper berries in Italy. Today official standards for the 
berries are so strict that oxycedrus berries can no longer be used for the 
purpose of adulteration. Besides, collection of the oxycedrus berries is now 
just as expensive as that of the true juniper berries. 

Distillation and Yield of Oil.—The essential oil of juniper berries now 
being offered on the market originates in either of the two following ways: 


1. The bulk of today’s juniper berry oil is a by-product in the distilla- 
tion of the above-mentioned alcoholic “Boroviéka” (“Brinjevec” in Sloven- 
ian) beverages popular in Slavic countries, and “Steinhager” liquors well 
known in Germany and Austria. These beverages are produced in numer- 

5 A. Rehder, “Manual of Cultivated Trees and Shrubs Hardy in North America,” New 


York, The Macmillan Company (1949), 62. 
6 Pharm. Acta Helv. 18 (1938), 307. Through Chem. Abstracts $4 (1940), 849. 
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ous small and medium-sized distilleries, particularly in Czechoslovakia, 
Yugoslavia, Hungary, and the Tyrol. For this purpose the berries of 
Juniperus communis L. are crushed, immersed in warm water and fer- 
mented. After completion of the fermentation process, the mass is pumped 
into a still provided with a stirring device and a short rectification column, 
and is distilled with constant stirring. The distillate consists of a mixture 
of water, alcohol, and essential oil. This crude distillate is then rectified 
until an alcoholic liquor containing from 40 to 50 per cent of alcohol is 
obtained. Being only slightly soluble in 50 per cent alcohol, most of the 
essential oil contained in the distillate separates in the receiver as a dis- 
tinct layer, and must be removed. Small and medium-sized distilleries sell 
their juniper oil, obtained as by-product, to the larger distilleries, which 
bulk the numerous small lots, and usually submit the bulking to final recti- 
fication. The type of oil thus obtained constitutes the large part of com- 
mercial juniper oil, particularly that offered on the American market. 

Depending upon the quality of the berries, and the method of fermenta- 
tion and rectification employed, 1,000 kg. of juniper berries yield from 16 
to 18 liters of alcoholic beverage (containing 50 per cent of alcohol), and 
from 5 to 6 kg. of essential oil. 

In judging the quality of this oil, it should be kept in mind that during 
distillation the essential oil separating in the receiver is actually submitted 
to extraction with an aqueous-alcoholic medium containing 40 to 50 per 
cent of alcohol. Certain constituents of the oil, and particularly the more 
easily soluble, oxygenated (and, incidentally, most valuable) odoriferous 
components will go into the solution. In fact, the finished alcoholic bever- 
age owes its characteristic flavor to the constituents which have been ex- 
tracted from the oil. The essential oil, on the other hand, will be partly 
deprived of these oxygenated components, and will consist chiefly of ter- 
penes insoluble in 40 to 50 per cent alcohol. 

2. The best quality of juniper berry oil is obtained by regular distilla- 
tion of the berries, without any previous alcoholic fermentation. Depend- 
ing upon the quality and origin of the berries, the yield of oil in this case 
ranges from 0.8 to 1.6 per cent. Italian and good Hungarian berries give 
the best yield, those from cold, northern countries the lowest yield. 


Juniper berry oils obtained by regular distillation exhibit the full and 
rich aroma characteristic of the berries; they have a deeper and milder odor 
and flavor than the oils obtained as by-product in the alcoholic distillation 
of the berries. The latter oils can often be recognized by their terpene-like 
odor. 

Obviously the oils obtained by regular distillation of the berries must 
fetch a considerably higher price than the by-product oils. To offset the 
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higher cost of production in the regular distillation of the berries, some 
essential oil houses in Europe submit the residual berries (after distillation) 
to repeated extraction with warm water. By concentrating the aqueous 
extracts 1n vacuo, a syrup of 40° to 42° Bé., and consisting chiefly of invert 
sugar, will be obtained. The yield, calculated upon the berries, varies be- 
tween 30 and 38 per cent. This concentrate is the well known Succus 
junipert, a product formerly used widely as a diuretic and sudorific in 
European pharmacy. 

Other producers submit the residual berries (after regular distillation) 
to fermentation and alcoholic distillation, because they still contain very 
small quantities of essential oil. However, any alcoholic distillate of ber- 
ries already exhausted by steam distillation will obviously be of poor 
quality. : 

Physicochemical Properties.—The volatile oil derived from the berries 
_ of Juniperus communis L. is a mobile, colorless or light yellow-greenish 
liquid with a peculiar odor characteristic of the berries. The flavor is some- 
what burning and bitter. On aging, the oil becomes more viscous, the 
specific gravity increases, and the odor assumes a note reminiscent of oxi- 
dized turpentine oils or other essential oils containing a high percentage of 
terpenes. 

The physicochemical properties of a juniper berry oil are of help chiefly 
in detecting gross adulteration. They vary too widely—depending upon 
origin of the berries, method of distillation and age of the oil—to be of 
much help in judging quality. For this purpose, therefore, careful organo- 
leptic tests must be resorted to. As regards odor and flavor, the best oils 
are those obtained from Tuscan berries by regular distillation. 

Genuine juniper berry oils imported by Fritzsche Brothers, Inc., New 
York, from various parts of Europe (Italy, Hungary, Czechoslovakia, Yugo- 
slavia and the Tyrol) had properties varying within these limits: 


Specific Gravity at 25°/25°...... 0.860 to 0.875, usually between 0.862 and 0.868 

Optical Rotation............... —7° 45’ to —13° 6’, occasionally as low as —5° 46’ 

Refractive Index at 20°......... 1.4780 to 1.4819, occasionally as low as 1.4758 

Saponification Number.......... 2.8 to 8.4 

Solubility..................0005 Sometimes soluble in 0.5 vol. of 95% alcohol. 
Usually peerens to cloudy in 95% alcohol up 
to 10 vol. 


These shipments included oils obtained as by-products in the alcoholic 
distillation of the berries, and oils derived by regular steam distillation of 
the berries. 

The following properties are those of pure oils collected by the author in 
various parts of Europe, when surveying the production of juniper berry 
oil. These oils were by-products in the alcoholic distillation of berries: 
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Czechoslovakia Yugoslavia Hungary 

Specific Gravity at 25°....... 0.863 to 0.870 0.862 to 0.870 0.859 
Optical Rotation............ —8° 6’ to —9° 36’ —10° 30’ to —11° 52’ —9° 32’ 
Refractive Index at 20°...... 1.4795 to 1.4818 1.4778 to 1.4827 1.4763 
Acid Number............... 1.3 to 1.5 1.3 to 1.5 1.4 
Ester Number.............. 3.3 to 5.1 4.2 to 6.1 3.3 
Ester Number after Acetyla- 

WON octet eee ate 25.2 to 29.9 24.3 to 34.5 19.6 
Solubility in 95% Alcohol, From clearly soluble to slightly opalescent in 0.5 vol., 

at 25° cloudy with more. A few oils insoluble in alcohol 


As regards the oils obtained by regular distillation of the berries (with- 
out alcohol), the following properties are noted by Gildemeister and Hoff- 
mann,’ for oils distilled by Schimmel & Co.: 


Specific Gravity at 15°.............. 0.867 to 0.882 

Optical Rotation................... Usually laevorotatory up to —13°; seldom op- 
tically inactive. Occasionally slightly dex- 
trorotatory (cf. below) 


Refractive Index at 20°............. 1.472 to 1.484 

Acid Number...................... Up to 3 

Ester Number...............0.0005 1 to 12 

Ester Number after Acetylation...... 19 to 31 

Solu Dility icsiiiesc cdo vtads coe ee tas Sparingly soluble in alcohol, particularly in di- 


lute alcohol. For solution, from 5 to 10 vol. 
of 90% alcohol are required. Many oils are 
not clearly soluble in 90% alcohol. Freshly 
distilled oils are usually clearly soluble in 
90% alcohol, older oils in most cases not 


without turbidity 
Boiling Range: 

160° 00:165 7 csiesernvecedeexsax 4 5% 

165 tot 70 es ai hone ees aes 12 to 26% 

TIO HON 18 aids aden oc emseweas 11 to 16% 

178” (0 1808 sfc kote ee eed eae 7 to 12% 

180° to 190°... 0... ee eee, 7 to 10% 

190° to 200°... 0.2... ee eee 4 to 6% 

Above 200°.................0008- 38 to 44% 


Two oils derived by regular distillation of juniper berries in Carniola 
(Yugoslavia), and collected by the author, exhibited these values: 


I IT 
Specific Gravity at 25°.............. 0.868 0.859 
Optical Rotation................... —6° 30’ —3° 30’ 
Refractive Index at 20°............. 1.4801 1.4759 
Acid Number...................... 1.4 1.4 
Ester Number..................... 5.1 3.3 


7“Die Atherischen Ole,” 3d Ed., Vol. II, 257. 
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I II 
Ester Number after Acetylation...... 31.7 28.9 
Solubility in 95% Alcohol........... Clearly soluble in 0.5 
vol., cloudy with 
more 


Oils produced under the author’s supervision in Seillans (Var), France 
by regular distillation of juniper berries imported from Tuscany, had these 
properties: 


Specific Gravity at 25°......... 0.865 to 0.872 

Optical Rotation. ............. —3° 34’ to —9° 20’ 

Refractive Index at 20°........ 1.4790 to 1.4842 

Saponification Number......... 4.6 to 4.8 

Solubility in 95% Alcohol...... Soluble in 0.5 vol.; opalescent to 


cloudy with more alcohol 


The values cited below afford a fairly good example of the properties of 
oils obtained by regular distillation of the berries (I), and those of an oil 
derived as by-product in alcoholic distillation (II). Both oils originated 
from Hungary: 


I IT 
Specific Gravity at 25°.............. 0.860 0.859 
Optical Rotation................... —7° 37’ —11° 2’ 
Refractive Index at 20°............. 1.4780 1.4770 
ACiG NUMDCR wc. S yeh ce ae es 0.6 0.7 
Ester Number..............200000: 3.6 5.1 
Ester Number after Acetylation...... 18.1 14.0 
Solubility in 95% Alcohol........... Soluble in 1 vol.and Soluble in 0.5 vol.; 
more faintly opalescent 
with more 


As far as the optical rotation of juniper berry oil is concerned, the oils 
usually exhibit laevorotation. In fact, the National Formulary ® specifies 
a rotation (at 25°) of 0° to —15°. Nevertheless, slight dextrorotation may 
occasionally be encountered in genuine oils, particularly those from Italy. 
Gildemeister and Hoffmann (see above) mention that some juniper berry 
oils of unquestionable purity are slightly dextrorotatory. The present 
author, himself, had occasion to examine dextrorotatory oils from Italy. 
Palazzo and Alinari® analyzed numerous Italian juniper berry oils and 
found in most cases laevorotation (up to —18°, even —20°), but occasion- 
ally slight dextrorotation (+2° to +3°) in oils obtained by regular distil- 
lation. Pronounced dextrorotation, however, must be viewed with suspicion 
because it may indicate the presence of an oil distilled from leaves (needles) 
of the juniper plant. Jermstadt,’° for example, examined six Norwegian 
8 Ninth Edition, 282. 


9 Ann. R. Istituto sup. forest. nz. 6 (1921), 1. 
10 Norg. Apotekerforen. Tids. (1928), No. 5 and 6. 
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“Juniper Berry Oils,” and reported optical rotations ranging from +33° 20’ 
to +41°. However, it should be mentioned that the Norwegian Pharma- 
copoeia defines as “Juniper Berry Oil” an oil distilled from the berries and 
young shoots of the juniper plant. Such oils exhibit an off-odor character- 
istic of juniper leaves. 

As can be judged from the tables of physicochemical properties, oil of 
juniper berries is only slightly soluble in 90 per cent alcohol, occasionally 
not clearly soluble even in 95 per cent alcohol. The National Formulary * 
requires that the oil dissolve in 4 vol. of alcohol with either cloudiness or 
turbidity. On dilution to 10 vol., the solution should show no separation of 
oily globules after standing for 12 hr. 

Freshly distilled oils are usually clearly soluble in 90 per cent alcohol, 
but on aging the oils lose most of their solubility, becoming soluble only 
with turbidity. Oils partly deterpenated (by fractionation or extraction 
with dilute alcohol) are particularly liable to undergo a decrease in solu- 
bility (Gildemeister and Hoffmann). 

During World War II the imported juniper berry oil was no longer avail- 
able in the United States and distillers were therefore forced to use the 
North American berries (see the discussion under “North American Ber- 
ries,” p. 373). Oils distilled by Fritzsche Brothers, Inc., New York, from 
domestic juniper berries had properties varying within these limits: 


Specific Gravity at 25°/25°...... 0.833 to 0.852 

Optical Rotation. .............. —9° 25’ to —21° 0’ 

Refractive Index at 20°......... 1.4758 to 1.4801 

Acid Number............0.000- Up to 2.9 

Saponification Number.......... 1.9 to 15.8 
Solubility...........ccccce cece Sometimes soluble in 0.5 to 10 vol. of 


95% alcohol. Usually opalescent 
to cloudy in 95% alcohol up to 10 
vol. 


Because the odor and flavor of these domestic oils were much inferior to 
the European product, the use of these domestic berries was immediately 
discontinued as soon as imports from Europe again were available. 

Chemical Composition.—The chemical composition of the volatile oil 
derived from the berries of Juniperus communis L. was investigated more 
than a century ago by Zaubzer,?* Buchner,’* Blanchet,* Dumas,*> and 
11 Ninth Edition, 282. 


13 Repert. f.d. Pharm. 22 (1825), 415. Cf. Gildemeister and Hoffmann, “Die Atherischen 
Sle,” 3d Ed., Vol. IT, 260. 

18 Repert. f.d. Pharm. 22 (1825), 425. Cf. Gildemeister and Hoffmann,“‘Die Atherischen 
Ole,” 3d Ed., Vol. II, 260. 

14 Tiebigs Ann. 7 (1833), 167. 

16 Ibid. 15 (1835), 159. 
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Soubeiran and Capitaine,’* but their work brought few concrete results. 
We owe our present knowledge of the composition of the oil chiefly to the 
later investigations carried out by Wallach,!’ Schimmel & Co.,?* Haensel,?® 
Palazzo and Alinari,?° and Casparis and Freund,” who reported the pres- 
ence of the following compounds in the oil: 


a-Pinene. Identified in the fraction b. 156°-159° by means of the nitrosochloride 
m. 109°-110° and the nitrolbenzylamine m. 123°-124° (Wallach, and Schimmel 
& Co.). §-Pinene is not present in this fraction (Haensel). 


Camphene. In the fraction b. 161°. Characterized by hydration to borneol and 
isoborneol (Schimmel & Co.). 


Junene(?). According to Palazzo and Alinari, juniper oil derived from Jtaltan berries 
contains no pinene or camphene, but a hydrocarbon, probably olefinic, bs 60°- 
65°, dis 0.8378, alf +18° 56’. The specific gravity of this compound was lower 
than that of pinene and camphene. 

More recently Casparis and Freund isolated a hydrocarbon CioHie, b. 164°- 
166°, d2° 0.8242, a2?9 +19° 36’, which they named ‘“‘Junene” (cf. Vol. II of the 
present work, p. 746). It had strongly diuretic properties. The juniper berry 
oils investigated by Casparis and Freund contained a-pinene, camphene, and 
cadinene. 


1-Terpinen-4-ol. To isolate the oxygenated compounds, Schimmel & Co. extracted 
the oil repeatedly with 70 per cent alcohol, and after removal of the solvent by 
distillation, obtained an oil of pleasant juniper odor; dis 0.9300; ap —3° 44’; ester 
number 21.8; ester number after acetylation 136; alcohol content, calculated as 
CyoHi,0, 41.65%; alcohol content, determined as Ci9H:80 in the oil after dilution 
with xylene, 56.2%. (Details concerning 1-terpinen-4-ol will be found in Vol. II 
of this work, p. 198.) 


Other Alcohols(?). Treating the fraction bs 95°-130° of the oil with phthalic anhy- 
dride, Schimmel & Co. isolated very small quantities of an alcohol mixture b. 218°- 
226°, bs 105°-110°, dis 0.9476, ap —4° 30’, n#? 1.48248: its odor was reminiscent 
of geraniol and borneol. 

Submitting the higher boiling fractions of a juniper berry oil to treatment with 
phthalic anhydride, Haensel isolated small quantities of a primary alcohol Cy9H1,0. 


Unidentified Compounds(?). According to Schimmel & Co., the fraction bs 72°-88° 
contains small quantities of compounds with a particularly characteristic odor. 


Cadinene. Identified in the fraction b. 260°-275° by means of the dihydrochloride 
m, 118° (Schimmel & Co.). 


Crystalline Compounds(?). On standing for a prolonged period in a cool place, the 
last runs of juniper berry oil separate crystals which, after repeated recrystalliza- 


16 Tbid. 34 (1840), 324. 

17 Ibid. 227 (1885), 288. 

18 Ber. Schimmel & Co., April (1890), 43; October (1895), 46; October (1909), 120; 
October (1910), 128. 

19 Chem. Zentr. (1908), IT, 1437. 

20 Atts congresso naz. chim. pura applicata (1923), 309. Ber. Schimmel & Co. (1925), 90. 

21 Pharm. Acta Helv. 14 (1939), 1. 
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tion from alcohol, melt at 165°-166° (Schimmel & Co.). The older literature 
(see above) refers to these crystals as “juniper camphor,’”’ “juniper stearoptene”’ 
or ‘juniper hydrate.” 


Use.—Juniper berry oil is used widely in essences for the flavoring of 
beverages and liqueurs, particularly of the gin and sloe gin type. Several 
European liquors, “Steinhager” among them, owe their characteristic flavor 
chiefly to the presence of Juniper berry oil. 

The oil has been known for a long time as a diuretic. Because of its 
local irritating effect on inflamed organs, however, great care must be 
exercised in its dosage. 


SUGGESTED ADDITIONAL LITERATURE 


B. Augustin, “Die Ungarischen Wacholderbeeren,” Riechstoff Ind. 7 (1932), 170. 


OIL OF JUNIPERUS OXYCEDRUS L. 


Juniperus oxycedrus L. (fam. Cupressaceae) is a common shrub or small 
tree growing wild in stony places and on barren hillsides of Mediterranean 
and Near East countries, from Spain and North Africa as far east as the 
Caucasus and Iran. In some sections it occurs at altitudes up to 3,000 ft. 
The numerous “berries”! are red-brown, much larger than those of Junip- 
erus communis L., but of inferior odor and flavor. The odor recalls tur- 
pentine oil. The woody parts of the tree serve for the empyreumatic dis- 
tillation of cade oil, which is produced chiefly in Spain (see below). 


A. Berry Oul 


According to Gildemeister and Hoffmann,’ steam distillation of the berries 
of Juniperus oxycedrus L. yields from 1.3 to 1.5 per cent of an essential oil, 
with a specific gravity of 0.839 to 0.854 at 15°, and an optical rotation of 
—4° 40’ to —8° 30’. The oil is not clearly soluble in alcohol. 

Palazzo and Alinari® reported that an oil derived from Istrian berries 
1 They are not berries in the botanical sense. 


2“Die Atherischen Ole,” 3d Ed., Vol. II, 2665. 
8 Atts congresso naz. chim. pura applicata (1923), 314. Ber. Schimmel & Co. (1925), 42. 
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by steam distillation contained pinene (probably) and an olefinic terpene 
of the myrcene type (dj, 0.8025). 
The berry oil is not produced on a commercial scale. 


B. Leaf Oil 


Steam-distilling leaves and terminal branchlets of Juniperus oxycedrus L. 
in the Crimean Peninsula, Rutovski and Vinogradova‘ obtained 0.01 per 
cent of an essential oil with an odor reminiscent of fir needle oils. The oil 
had these properties: 


Specific Gravity at 20°/20°...... 0.9720 

Optical Rotation............... +16° 19’ 

Refractive Index at 20°......... 1.4956 

Acid Number.................. 2.0 

Ester Number................. 50.68 

Solubility... 0.0... 00... cece eee Soluble in 0.5 vol. 
of 90% alcohol 


The leaf oil is not produced on a commercial scale. 


C. Steam-Distilled Wood Oil 


The essential oil derived from the woody part of the branches by steam 
distillation was first described by Huerre,’ who reported these properties: 


Specific Gravity at 15°....... 0.925 to 0.927 

Optical Rotation at 20°...... —31° 25’ 

Solubility...............000: Soluble in 12 vol. of 
90% alcohol 

Boiling Range at 760 mm..... °-300° (73 per cent 


of the oil distills be- 
tween 260° and 280°) 

Huerre ® found that the oil contains an average of 21.11 per cent of 
l-cadinene. The maximum cadinene content observed by Huerre was 30.59 
per cent. 

Gattefossé and Igolen’ steam-distilled comminuted heartwood of Juntp- 
erus oxycedrus L., originating from Morocco, and obtained an oil of bal- 
samic, turpentine-like odor. The properties were: 


Specific Gravity at 15°....... 0.9476 
Optical Rotation............ —21° 4’ 
Refractive Index at 20°...... 1.5145 


Ketone Content, Calculated as 
CisH220 (Hot Oximation).. 13.6% 


4 Riechstoff Ind. (1926), 216. 6 Jbid. [7], 28 (1921), 81. 
5 J, pharm. chim. [7], 12 (1915), 273. TInd. parfum. 4 (1949), 111. 
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Sontag*® submitted this type of oil to a closer investigation. Steam- 
distilling the wood of Juniperus orycedrus L., he obtained 1.5 per cent of 
an amber-colored, viscous essential oil, with these properties: 


Specific Gravity at 15°...... 00... cece eee eee 0.9632 
Optical Rotation at 16°. ............ 0.2... — 28° 34’ 
Refractive Index at 20°. 2.0.0... 0. cc cece eee 1.5125 
Acid Number cect 2h saccncas sah eecee de auaaeees 0.84 
Beater Number. .3 23:46 cueieaeacseviievasesean bas 6.31 
Ester Number after Acetylation................. 58.92 
Ester Number after Formylation................ 94 
Ketone Content, Calculated as Cis3HyO.......... 6.54% 
Aldehyde Content (Bisulfite Method)............ About 0.3% 
Acid and Phenol Content (Determined with 3% 

NGOL 80). ) icc ataetest deuce ukiwetvededexeees About 1% 


Sontag ° reported the presence of the following compounds in the essen- 
tial oil derived by steam distillation of the wood: 


Sesquiterpenes (70%).............. -8-Caryophyllene 

l-Cadinene (large quantities) 

Cedrene (smaller quantities) 
Sesquiterpene Alcohols (5 to 10%)... Pseudocedrol (more than 50%) 

Two sesquiterpene alcohols (not identified) 


Ketones and Aldehydes (3 to 4%)... Carvone(?) 
A ketone (identified with that of vetiver) 
Three ketones (isolated, but not identified) 


Phenols (0.8%) ..... 0.2.0.0 cc evens p-Cresol (traces) 
Acids (0.7%) 


The essential oil derived by steam distillation of the wood of Juniperus 
oxycedrus L. was also investigated by Mousseron, Granger and Ronayroux,”® 
who arrived at results differing from those of Sontag (see above). These 
authors reported the following composition: 


l-Cadinol. About 40 per cent of the essential oil (cf. Vol. II of the present work, 
p. 277). 

d-Cadinene. For properties see Vol. II, p. 93. 

A Sesquiterpene CisH. Less abundant than d-cadinene; ait had these properties: 
beo 132°, des 0.9112, [alsas —27° 0’, [ax]s79 —23° 37’, np 1.50167. Reduction of 
this sesquiterpene gave a hydrocarbon CisHas, bao 130°, des 0.8969, [a]sue —2° 5’, 
[a]ls79 —1° 38’, n? 1.48830. 

A Sesquiterpene pee CisHesO. Mousseron et al. also isolated from the essential 
oil 5 per cent of a sesquiterpene alcohol C,sH2.0, isomeric with cadinol; it had 
these properties: m. 118°-119°, [als —103° 30’, [a]s79 —89° 12’ (2.85 per cent 
sol. in benzene). 


8 Rev. marques parfums France 17 (1939), 5. 1° Compt. rend. 208 (1939), 1411. 
9 Ibid. 


Google 


384 THE PLANT FAMILY CUPRESSACEAE 


The steam-distilled type of wood oil (essential oil) is not produced on a 
commercial scale. 


D. Empyreumattc Wood Oil 
(Oil of Cade) 


Empyreumatic (destructive) distillation of the wood of Juniperus oxy- 
cedrus L. yields the so-called oil of cade, known in pharmacy also as “Juni- 
per Tar” or Pix juniperr. Huerre™ has pointed out that in the process of 
empyreumatic distillation the oil contained in the wood distills over as 
volatile (essential) oil, and as partly decomposed (empyreumatic) oil. The 
former acts as a solvent for the latter, which consists of heavier tar-like 
substances. In other words, the cade oil of commerce is a mixture or solu- 
tion of essential oil, and partly decomposed empyreumatic oil. Often, on 
prolonged standing of a lot, a part of the tar-like portion separates from the 
solution, forming a deposit (see below). 

Oil of cade is produced chiefly in Spain, particularly in the province of 
Malaga, centers of production being Tolox and picturesque Ronda. The 
best quality of cade oil originates from this section, which enjoys a warm, 
distinctly Mediterranean, climate. A different type of oil comes from the 
province of Cuenca; in fact, the physicochemical properties of the oil from 
Cuenca differ so widely from those of the Malaga type of oil that Spanish 
producers are inclined to assume it originates from a different plant species. 
The problem has never been thoroughly investigated, because the places 
in the hills where the oil is produced are so primitive and so difficult of 
access that city people hesitate to visit them. 

Prior to the outbreak of the Spanish Civil War in 1936, Spain produced 
an average of 150 metric tons of cade oil per year. More recently, produc- 
tion has declined to about 60 tons annually, owing principally to reduced 
demand on the world market. 

Prior to distillation, wood from the trunk, branches, and roots of Junip- 
erus oxycedrus L. is cut into pieces; these pieces are stacked on a concave 
slab, from the center of which a pipe leads downward (descending distilla- 
tion). An iron pot above the slab is heated by means of burning wood coal. 
The heat thus created forces the essential oil from the wood, at the same 
time causing some decomposition of the oil. The end product is thus a 
complex of the essential oil, its own decomposition products, and additional 
pyrogenous substances distilled from the wood itself. The yield of oil 
averages 1.2 to 1.3 per cent. 

Physicochemical Properties.—Oil of cade or “Juniper Tar” is a dark red- 
brown, clear, viscous liquid with a strong empyreumatic, tar-like odor, and 
a warm, bitter taste. 


11 J, pharm. chim. [9], 28 (1941), 441. Cf. tbed. [7], 19 (1919), 33, 65. 
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Reliable exporters in Spain submit the lots arriving from the producing 
regions to careful inspection, which includes determination of the specific 
gravity, moisture content and solubility in benzene. A test for the pres- 
ence (absence!) of rosin is always included, because field distillers or inter- 
mediaries occasionally adulterate the oil with rosin. A procedure for this 
test will be found in Vol. I of the present work, p. 334. 

As was mentioned above, on prolonged standing, oil of cade often sepa- 
rates a very dark, tar-like deposit on the bottom of the container. The 
quantity of this deposit (which is practically insoluble in petroleum ether) 
appears to depend upon the moisture content of the oil, being in direct pro- 
portion to it. Many drums of cade oil arriving in the United States con- 
tain a heavy black deposit, which the American essential oil importers 
usually separate before offering the clear oil on the market. The samples 
of cade oil described below, were drawn by Fritzsche Brothers, Inc., New 
York, for the purpose of analysis, from the clear part of the drum contents. 

The specific gravity of these oils determined on numerous shipments from 
Spain has varied between 0.959 and 1.005 at 25°/25°. The test for rosin 
was found to be negative in all shipments of genuine grade oil. 

Oil of cade is very slightly soluble in water, soluble in 9 vol. of 95 per 
cent alcohol, and only partially soluble in petroleum ether. 

For further tests the reader should consult the United States Pharma- 
copoeia and other official standard works. 

To offer a light-colored cade oil to consumers who cannot use the natural 
dark oil, some essential oil houses rectify the crude oil 1 vacuo. The 
properties of several lots of rectified cade oil prepared by Fritzsche Broth- 
ers, Inc., New York, have varied within the following limits: 


Specific Gravity at 25°/25°....... 0.952 to 0.961 

Optical Rotation................ +4° 17’ to +4° 40’ 
Refractive Index at 20°.......... 1.5110 to 1.5200 
Solubility...............0..00005. Soluble in 5 vol. of 95% 


alcohol and more 


Chemical Composition.—It has been known for a long time that cade oil 
contains cadinene (a sesquiterpene C,;Hx, b. 273°-275°), hydrocarbons 
b. 210°-400°, and phenols, among them creosol, pyrocatechol derivatives, 
guaracol, and its ethyl and propyl! derivatives. 

In 1939, Mousseron, Granger and Ronayroux ** submitted the empyreu- 
matic oil, obtained by destructive distillation of the wood of Juniperus 
oxycedrus L. (oil of cade), to a close investigation, also examining the 
essential oil derived by steam distillation of the wood (see above). Mous- 
seron and his collaborators found that in regard to chemical composition 


12 Compt. rend. 208 (1939), 1411. 
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the essential oil closely resembles the neutral portion of cade oil. Mousseron 
et al. reported the presence of the following compounds in oil of cade: 


d-Cadinene. (Cf. Vol. II of the present work, p. 93.) 


A Sesquiterpene Cy;Ha. Less abundant than d-cadinene. Regarding the properties 
of this sesquiterpene, see the findings of Mousseron et al. described above, in 
the section on the chemical composition of the essential oil from the wood. 


l-Cadinol. (Cf. Vol. II of the present work, p. 277.) The empyreumatic oil contains 
only 10 per cent of /-cadinol, whereas the essential oil contains about 40 per cent 
(see above). 


Dimethylnaphthalene. Present only in the empyreumatic oil, but not in the essential 
oil. Regenerated from its picrate m. 105°, the compound was a liquid bap 133°, 
dss 0.9993, n25 1.60004. 

Use.—Oil of cade is widely employed in the treatment of chronic eczema 
and other skin diseases. The native population of Mediterranean countries 
have used the oil since early times for the healing of cutaneous diseases of 
domestic animals. 

The oil is used also in medicinal soaps, to which it imparts not only a 
strong odor, but also therapeutic properties. 


SuGGEsTED ADDITIONAL LITERATURE 


L. Danzel, “Juniperus oxycedrus Tar (‘Oil of Cade’) in Human Pharmacy, 
Zoépharmacy, and Phytopharmacy,”’ Produits Pharm. 2 (1947), 251. Chem. 
Abstracts 41 (1947), 7677. 


OIL OF SAVIN 


Essence de Sabin Aceite Esencial Sabino Sadebaumol 
Oleum Sabinae | 


Botany and Habitat—Juniperus sabina L. (fam. Cupressaceae) is a 
shrub or small tree attaining a height of as much as 5 m., and growing wild 
in the mountains of central and southern Europe. On steam distillation 
the ends of the branches and the attached leaves yield an essential oil that 
is used in certain pharmaceutical preparations. The true savin oil must 
not be confused with that occasionally distilled in southern France from 
related Juniperus species, notably J. phoenicea L. and J. thurifera L. var. 
gallica De Coincy. The physicochemical properties and chemical composi- 
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tion of the oils derived from these latter species and varieties differ sub- 
stantially from those of the true savin oil. 

Chief producing regions of savin oil are in the Tyrol, particularly in the 
Oetz, Puster, and Virgen Valleys, and around the Hoch Tauern Mountains. 
In Tyrolean sagas it is said that the plant was introduced to the Tyrol by 
returning Crusaders. In Switzerland the bush has been practically exter- 
minated because it has been found that it acts as host to a fungus which 
destroys pear trees. In the Tyrol permission to cut the bushes is granted 
by the government without charge. The peasants gather the distillation 
material throughout the year, whenever they are not busy with other work, 
and even in the winter, provided the slopes are free of snow. For cutting, 
the collectors use short, curved knives. After three to four years the 
bushes grow again to full height. 

Prior to distillation the branches are reduced to short lengths. Distilla- 
tion of one charge requires 12 to 15 hr. The yield of oil ranges from 1. 5 
to 1.6 per cent, but may be higher under favorable conditions. 

Physicochemical Properties.—Oil of savin is a colorless to slightly yellow 
liquid of sharp, somewhat disagreeable odor and pungent, camphoraceous 
taste. 

According to Gildemeister and Hoffmann,' the physicochemical proper- 
ties of savin oil vary within these limits: 


Specific Gravity at 15°............. 0.907 to 0.930 

Optical Rotation. ................. +38° 0’ to +62° 0’ 

Refractive Index at 20°............ 1.473 to 1.480 

Acid Number............:.200e0ee Up to3 

Ester Number...............0.0505 91 to 138 

Ester Number after Acetylation..... 127 to 154 

Bolu bility decvcs ned peaeras S Soluble in 0.5 and more vol. of 90% alcohol. 


Soluble in 3.5 to 15 vol., usually in 6 to 8 
vol., of 80% alcohol, but not always clearly 
soluble 


Shipments of pure savin oils from the Tyrol examined by Fritzsche 
Brothers, Inc., New York, exhibited Ene ranging within the following 
limits: 


Specific Gravity at 25°/25°......... 0.905 to 0.917 

Optical Rotation. ................. +57° 16’ to +62° 53’ 

Refractive Index at 20°............ 1.4718 to 1.4740 

Ester Number...............-e005 117.6 to 138.0 

Ester Number after Acetylation..... 144.8 to 157.7 

DOMDINCY sco. 24 8 tai Soementoe Sess Soluble in 0.5 vol. of 90% alcohol and more. 


Often soluble in 5 to 6.5 vol. of 80% alcohol 
and more; sometimes with slight turbidity 


1“Die Atherischen Ole,” 3d Ed., Vol. II, 276. 
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Two genuine savin oils procured by the author while surveying essential 
oi] production in the Tyrol had these properties: 


Oul from the Oil from the 
Virgen Valley Oetz Valley 
Specific Gravity at 15°............ 0.928 0.913 
Optical Rotation................. +64° 30’ +59° 40’ 
Refractive Index at 20°........... 1.4722 1.4726 
Ester Number................... 126.8 117.5 
Ester Number after Acetylation.... 181.6 156.2 
Solubility...........0..0...0...00005 Soluble in 0.5 vol.and = Soluble in 0.5 vol. and 
more of 90% alco- more of 90% alco- 
hol hol 
Boiling Range: 
Up to 165°... 00... eee eee 2.0% 1.60% 
165° to 170" 635 s8 bs bas teen Sie8 1.5% 3.20% 
170? 01718 decd cence otek 3.5% 6.40% 
175° to 180°... 2... cece eee eee 5.0% 14.40% 
180" (0:185 oh kccodecsdncs etn 7.0% 5.60% 
185° 10190? i4.0300 Sed Coheed 7.5% 5.60% 
190° to 195°... ................ 5.0% 4.6% 
195 $0. 200 ooh iene Meese 10.5% 7.0% 
DOO? 06210 cscs thin wh eade cues 13.0% 6.0% 
ZO? 10 220 sd eth ie eat 8.0% 11.6% 
220" 102307 cies hid aust aed 23.0% 9.2% 
230" 10 2A ra wie DDS Ria seas 11.5% 17.2% 
240° and above (decomposition 
products and residue)......... 2.5% 7.6% 


Years ago Fromm,’ and Semmler ® observed that, upon repeated fraction- 
ation of the oil, from 25 to 30 per cent of the oil distills over below 175°. 
The importance of the boiling range in evaluating the purity of a savin oil 
was stressed more recently by Manceau, Revol and Vernet * who found that 
in the case of a genuine savin oil only a small quantity distills below 170°— 
180°. If more than 25 to 30 per cent of the oil distills over below 170°-180°, 
the oil in question is probably not a true savin oil (Juniperus sabina L.) but 
adulterated with the French type of savin oil (Juniperus phoenicea L.) or 
with turpentine oil. 

Chemical Composition.—The chemical composition of savin oil has been 
investigated by Wallach,® Schimmel & Co.,° Fromm,’ Semmler,® Elze,® and 

2 Ber. 88 (1900), 1192. 

8 Ibid., 1463. 

4 Bull. sci. Megha 48 (1936), 14. Chem. Zentr. (1936), II, 1261. 

5 Inebigs Ann. 288 (1887), 82. 

6 Ber. Schimmel & Co., October (1895), 40; April (1900), 40; October (1900), 59; April 

(1903), 71; October (1907), 80; April (1908), 84; April (1911), 101. 

7 Ber. $1 (1898), 2025; 38 (1900), 1192, 1210. 


8 Ber. 83 (1900), 1463. 
® Chem. Zig. 84 (1910), 767. 
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Agnew and Croad,?° who reported the presence of the following compounds 
in the oil: 


m-Decyl Aldehyde. In the foreruns of the oil Elze identified small quantities 
of n-decanal. 

a-Pinene. Very small quantities only; in the fraction b. 160° (Agnew and Croad). 

d- and [-Sabinene. Examining the fraction b. 162°-165° Semmler first noted the 
presence of d-sabinene in the oil. Later Agnew and Croad found that the oil 
which they investigated contained /-sabinene (cf. Vol. II of the present work, 
p. 64). 

a-Terpinene. In the fraction b. 170°-180°; identified by Schimmel & Co.," who 
prepared the nitrosite m. 156°. 

d-Sabinol. The chief constituent; present in the fraction b. 210°-213°. This alcohol 
CoH 160, bs 77°-78°, was first isolated from the oil by Fromm, and named sabinol 
(cf. Vol. IT, p. 230). 

d-Sabinyl Acetate. Sabinol occurs in the oil partly free, partly esterified, the most 
important ester being the acetate. Sabinyl acetate bs 81°-83°, dis 0.972, has a 
high optical rotation, viz., ap +79° (Elze). 

An Aldehyde(?). In the fraction boiling above 222°, Schimmel & Co." observed a 
compound be 127°-129°, dig 0.9163, ap +11° 40’, which reacted with bisulfite 
solution and possessed an odor similar to cuminaldehyde. The substance in 
question was probably an aldehyde, because it formed a phenylhydrazone m. 40°- 
45°, and an oxime m. 85°. 


Citronellol. Identified by Schimmel & Co." in the fraction b. 220°-227°. 
Geraniol. Identified by Elze in the last runs of a savin oil. 


Dihydrocuminy] Alcohol. Also observed by Elze in the last runs of the oil. Identified 
by means of its naphthylurethane m. 146°-147°. 


Cadinene. In the highest boiling fractions of the oil Wallach noted the presence of 
cadinene. 


The distillation waters of the oil contain methyl alcohol, furfural and diacetyl 
(Schimmel & Co."4). 
Use.—Formerly oil of savin was used as an antirheumatic, vermifuge 
and emmenagogue but, because of its toxicity and irritating effects, the 
oi] has lost much of its former importance. 


SUGGESTED ADDITIONAL LITERATURE 


E. Belani, “Tyrolean Pine Needle Oils,” Deut. Parfiimerieztg. 27 (1941), 264. 
Ber. Schimmel & Co. (1942-43), 58. 


10 Analyst $7 (1912), 205. Cf. Henderson et al., J. Chem. Soc. 95 (1908), 289, 1465. 
11 Ber. Schimmel & Co., April (1911), 101. 

12 [bid., April (1900), 40. 

18 Jbid., October (1907), 80. 

14 Tbid., October (1900), 59; April (1903), 71. 
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BOTANICAL CLASSIFICATION OF ESSENTIAL OIL PLANTS 


by 
THEODOR Puitrep Haas, PH.D. 


In the Prefaces to Volumes III, IV, V, and VI it has been pointed out 
that the essential oils described in this series are grouped within the botani- 
cal families of the plants from which the oils are derived. However, the 
plant families themselves, in these volumes, do not follow any definite 
taxonomic system, but rather considerations of utility and facility. To 
satisfy botanists and botanically inclined chemists, therefore, it seems desir- 
able to include here a table of the various essential oils arranged according 
to a recognized taxonomic system. This may appear a bold undertaking 
since modern botanists differ widely upon certain points of their science, 
which many consider an art as well as a science. 

The following table lists the families and genera of those plants from 
which the oils described in Volumes III, IV, V, and VI of this series are 
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derived. With the exception of the Gramineae, this table is arranged 
according to A. Engler’s “Syllabus der Pflanzenfamilien,” 11th Ed., revised 
by L. Diels, and published in Berlin in 1936. The arrangement of the 
Gramineae employed in the table follows the more recently published “Die 
natiirlichen Pflanzenfamilien,” Vol. 14e, 2nd Ed., by A. Engler and K. 
Prantl, revised by R. Pilger, and published in Leipzig in 1940. 

The taxonomic system of Engler has been used here because it is the 
only such system that has been worked out completely (for which reason 
it is also used by most herbaria). Engler’s classification embraces 320 
families of the higher flowering plants (the subdivision Angzospermae). 
It would be difficult to say how many of these families contain plants yield- 
ing essential oils—their number is certainly very high. However, only 
some 49 families (including 153 genera, without their synonyms) yield 
commercially or scientifically important oils.2 To this number must be 
added the class Coniferae from among the subdivision Gymnospermae, the 
former consisting of 4 families with 15 genera. Moreover, there must also 
be included the genus Evernia from among the subclass Ascolichenes (which 
does not belong to the seed plants). 

In addition there are several genera (Fusanus, Umbellularnia, Hardunckia, 
Myrocarpus, Mosla, Pycnanthemum, Saussurea, Tanacetum) not found in 
the “Syllabus der Pflanzenfamilien”; they occur in the “Index Kewensis.” 
In our table these additional genera are placed after those noted in the 
“Syllabus,” but within their proper families. Otherwise, the sequence of 
families and genera follows the “Syllabus” throughout, and where there is 
a question of synonyms, priority has been given to the “Syllabus.” 

In the table below, the figures following each family and genus entry 
designate the volumes and pages of the present series where monographs 
devoted to the oils of that family and genus may be found. The names in 
parentheses are synonyms, in large part recorded in the “Index Kewensis” 
and frequently used in the literature. In our table, generic names are 
occasionally repeated as synonyms, with the pages cited, in order to make 
it possible to find them in the series under the synonymous name. 

The standard reference work for plant illustrations is the “Index Lon- 
donensis” published by Kew Gardens; this covers material to 1941. It 
must be emphasized that this source does not carry illustrations, but is 
simply an index to them. 


1To simplify the table, names of subclasses and orders have been omitted. 

2Kight among the Monocotyledones, 41 among the Dicotyledones. According to 
George Neville Jones (Sct. Monthly, May 1951), the approximate known number of 
genera and species among the living Angiospermae is, for the Monocotyledones, 3,000 
genera, with 50,000 species, and for the Dicotyledones, 9,500 genera, with 200,000 species. 
The Contferae include 50 genera, with 550 species. 
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Division: EUMYCETES (THALLOPHYTA) 
Subclass: ASCOLICHENES 
Family: Usneaceae (Vol. VI) 
Genus: Evernia, pp. 179-191 


Division: EMBRYOPHYTA SIPHONOGAMA (SEED PLANTS) 
Subdivision: GYMNOSPERMAE 
Class: CONIFERAE 
Family: Podocarpaceae (Vol. VI) 
Genus: Dacrydium, pp. 195-197 
Family: Pinaceae (Vol. VI) 
Genera: Picea, pp. 201-210; 217-222 
Tsuga, pp. 203-210 
Pseudoltsuga, pp. 210-214 
Abies, pp. 214-234 
Cedrus, pp. 234-239 
Pinus, pp. 239-308 
Family: Taxodiaceae (Vol. VI) 
Genera: Sctadopitys, pp. 311-312 
Cryptomeria, pp. 312-317 
Family: Cupressaceae (Vol. VI) 
Genera: Callitropsis, pp. 321-323 
Thujopsis, pp. 323-325 
Thuja, pp. 325-332 
Cupressus, pp. 332-341 
Chamaecyparis, pp. 341-352 
Juniperus, pp. 353-389 
Subdivision: ANGIOSPERMAE 
Class: MONOCOTYLEDONES 
Family: Gramineae (Vol. IV) 
Genera: Elyonurus (Elionurus, Lygeum), pp. 153-155 
Veltiveria (Anatherum, Andropogon), pp. 156-180 
Cymbopogon (Andropogon), pp. 5-148 
Andropogon (Cymbopogon, Amphilophis), pp. 148-153 
Family: Cyperaceae (Vol. VI) 
Genus: Cyperus, pp. 125-126 
Family: Palmae (Vol. V1) 
Genus: Cocos, p. 121 
Family: Araceae (Vol. VI) 
Genus: Acorus, pp. 109-117 
393 
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Inliaceae (Vol. VI) 


Genera: Allium, pp. 67-71 


Family: 


Lilium, pp. 73-74 
Hyacinthus, pp. 71-73 
Convallaria, p. 75 
Amaryllidaceae (Vol. V) 


Genera: Narcissus, pp. 348-352 


Family: 


Polyanthes, pp. 343-348 
Indaceae (Vol. VI) 


Genera: Crocus, p. 105 


Family: 


Iris, pp. 79-106 
Zingiberaceae (Vol. V) 


Genera: Hedychium, pp. 131-132 


Kaempferia, pp. 130-131 

Curcuma, pp. 120-126 

Alpinta, pp. 127-130 

Zingiber, pp. 105-120 

Aframomum (Amomum), pp. 103-105 
Amomum, pp. 101-108 

Elettaria, pp. 85-100 


Class: DICOTYLEDONES 


Family: 


Genus 


Family: 


Genus 


Family: 
Genus: 
Family: 


Piperaceae (Vol. V) 
: Piper, pp. 135-161 

Betulaceae (Vol. VI) 
: Betula, pp. 11-20 
Moraceae (Vol. VI) 
Humulus, pp. 129-142 
Santalaceae (Vol. V) 


Genera: Osyris, pp. 193-194 


Family: 


Genus 


Family: 


Genus 
Family 


Genus 


Family: 


Genus 


Family: 


Santalum, pp. 173-187; 191-192 
Fusanus (Eucarya, Santalum), pp. 187-191 
Aristolochiaceae (Vol. VI) 

: Asarum, pp. 145-148 
Chenopodiaceae (Vol. VI) 

: Chenopodium, pp. 151-161 
Caryophyllaceae (Vol. V) 

: Dianthus, pp. 411-413 
Ranunculaceae (Vol. V1) 

: Nigella, p. 165 
Magnoliaceae (Vol. V) 


Genera: Magnolia, pp. 382-383 


Family: 


Genus 


Family: 


Genus 


Michelia, pp. 379-382 
Iilictum, pp. 361-379 
Anonaceae (Vol. V) 
: Cananga (Canangium), pp. 267-316 
Myristicaceae (Vol. V) 
: Myristica, pp. 59-81 
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Family: Lauraceae (Vol. IV) 
Genera: Cinnamomum, pp. 213-328 
Ocotea, pp. 199-203 
Sassafras, pp. 193-198 
Cryptocarya (Cryptocaria), pp. 211-213 
Laurus, pp. 204-207 
Umbellularia, pp. 207-210 
Antba (Ocotea), pp. 183-193 
Family: Cruciferae (Vol. VI) 
Genera: Cochlearia (Armoracia), pp. 63-64 
Brassica, pp. 55-62 
Raphanus, pp. 62-63 
Family: Resedaceae (Vol. V) 
Genus: Reseda, pp. 401-408 
Family: Sazifragaceae (Vol. V) 
Genus: Philadelphus, pp. 407-408 
Family: Hamamelidaceae (Vol. V) 
Genera: Hamamelis, p. 255 
Inquidambar, pp. 243-254 
Family: Rosaceae (Vol. V) 
Genera: Spiraea, p. 56 
Rosa, pp. 3-48 
Prunus, pp. 48-56 
Family: Leguminosae (Vol. V) 
Genera: Acacia, pp. 227-237 
Copaifera, pp. 203-211 
Myrozylon, pp. 212-225 
Lupinus, pp. 239-240 
Genista, p. 239 
Spartium, pp. 237-239 
Wistaria, p. 240 
Harduickia (Oxystigma), pp. 211-212 
Myrocarpus, pp. 225-227 
Family: Geraniaceae (Vol. IV) 
Genera: Geranium, pp. 734-737 
Pelargonium, pp. 671-734 
Family: Zygophyllaceae (Vol. V) 
Genus: Bulnesia, pp. 197-200 
Family: Rutaceae (Vol. III) 
Genera: Xanthozylum, pp. 376-378 
Ruta, pp. 378-385 
Pilocarpus, pp. 374-375 
Cusparia (Galipea), p. 363 
Boronia, pp. 364-367 
Barosma, pp. 368-372 
Amyris, pp. 385-391 
Clausena, pp. 372-374 
Citrus, pp. 5-359 
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Family: 


Burseraceae (Vol. IV) 


Genera: Boswellia, pp. 352-356 


Bursera, pp. 331-344 
Commiphora, pp. 344-352 
Canarium, pp. 357-360 


Family: Euphorbiaceae (Vol. V1) 


Genus: 


Croton, pp. 169-170 


Family: Anacardiaceae (Vol. V) 
Genera: Pistacia, pp. 169-170 


Family: 


Genus 


Family: 


Genus 


Family: 


Schinus, pp. 165-168 

Tiliaceae (Vol. V) 

Tika, p. 421 

Malvaceae (Vol. VI) 
Abelmoschus (Hibiscus), pp. 173-175 


Dipterocarpaceae (Vol. V) 


Genera: Dryobalanops, pp. 261-263 


Family: 


Genus 


Family: 


Genus 


Family: 


Dipterocarpus, pp. 259-261 


Cistaceae (Vol. VI) 
Cistus, pp. 45-52 


Violaceae (Vol. V) 


Viola, pp. 391-398 
Myrtaceae (Vol. IV) 


Genera: Myrius, pp. 363-369 


Family: 


Pimenta (Myrtus, Eugensa), pp. 370-396 
Eugenia (Caryophyllus), pp. 396-437 
Leptospermum, pp. 526-529 

Melaleuca, pp. 529-548 

Eucalyptus, pp. 437-525 

Umbelliferae (Vol. IV) 


Genera: Coriandrum, pp. 602-615 


Cuminum, pp. 615-619 

Apium, pp. 591-602 

Petroselinum, pp. 656-663 

Carum, pp. 551-552; 573-584 
Pimpinella, pp. 563-570 

Foeniculum, pp. 634-645 

Anethum, pp. 619-634 

Oenanthe (Phellandrium), pp. 666-668 
Levisticum, pp. 649-654 

Angelica (Archangelica), pp. 553-563 
Ferula, pp. 570-572; 645-648; 665-666 
Peucedanum (Imperatoria), pp. 654-655 
Daucus, pp. 585-590 

Crithmum, pp. 663-665 


Family: Ericaceae (Vol. VI) 


Genus: 


Gaultheria, pp. 3-7 


Family: Primulaceae (Vol. V) 


Genus: 


Cyclamen, p. 417 
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Family: Oleaceae (Vol. V) 
Genera: Syringa, pp. 338-339 
Jasminum, pp. 319-338 
Family: Verbenaceae (Vol. VI) 
Genus: Lippia (Aloysia), pp. 37-41 
Family: Labiatae (Vol. III) 
Genera: Rosmarinus, pp. 695-710 
Lavandula, pp. 440-519 
Nepeta, pp. 434436 
Salvia, pp. 710-738 
Monarda, pp. 527-535 
Melissa, pp. 395-399 
Hedeoma, pp. 583-586 
Satureia, pp. 739-744 
Hyssopus, pp. 436-440 
Origanum, pp. 525; 539-541; 542-545 
Majorana (Origanum), pp. 519-524 
Thymus, pp. 525-526; 744-763 
Mentha, pp. 576-583; 586-687 
Perilla, pp. 687-691 
Pogostemon, pp. 552-575 
Ocimum, pp. 399-433 
Mosla (Orthodon), pp. 545-552 
Pycnanthemum, pp. 691-695 
Coridothymus (Thymus), pp. 535-539; 541-542 
Family: Myoporaceae (Vol. V) 
Genus: Eremophila, pp. 192-193 
Family: Rubiaceae (Vol. V) 
Genera: Gardenia, pp. 355-356 
Leptactina, pp. 356-357 
Family: Caprifoliaceae (Vol. V) 
Genus: Lonicera, p. 387 
Family: Valerianaceae (Vol. VI) 
Genus: Valeriana (Patrinia), pp. 23-34 
Family: Compositae (Vol. V) 
Genera: Solidago, pp. 464-467 
Engeron, pp. 456-459 
Blumea, pp. 431-433 
Helichrysum, pp. 467-472 
Inula, pp. 453-456 
Tagetes, pp. 477-480 
Santolina, pp. 475-477 
Anthemis, pp. 433-437 
Achillea, pp. 425-426; 472-475 
Matricana, pp. 438-445 
Artemisia, pp. 428-431; 451-453; 459-463; 485-496 
Arnica, pp. 426-428 
Saussurea (Aplotazis, Aucklandia), pp. 446-451 
Tanacetum, pp. 480-485 
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INDEX 


Numbers in ttalics indicate main entries; in the case of a plant species, they indicate 
references to monographs (or sections of monographs) dealing with the oil of the species. 

Wherever possible, synonymous names for chemical compounds have been brought to- 
gether under one main heading, such heading being in each case that employed in Vol. II 
of this series. Cross-references are made from the several synonyms. Thus, in the text, 
Eudesmol may also be called Cryptomeradol and Machilol. In this index, the latter names 
have been cross-referred to Eudesmol. The researcher interested in tracing the occurrence 


of any specific chemical compound in various oils should find this system helpful. 


Abelmoschus moschatus, 173 

Abtes alba, 201, 202, 222, 224 

Abies alba—cone oil, 228 

Abtes alba—leaf (needle) oil, 224 

Abies balsamea, 212, 2 , 232 

Abies balsamifera, a5 

Abies douglasit, 210 

Abies excelsa, 224 

Abies mayriana, 217, 219, 220 

Abies mucronata, 210 

Abies pectinata, 224 

Abies picea, 224 

Abies sachalinensis, 217, 219, 220, 221 

Abies silirica, 214 

Abietene, 279 

Acetaldehyde, oe af 

Acetic acid, 18, 27, 31, 34, 39, 52, 74, 140, 
146, 175, 189, 214 271, 329, 336, 338, 

5 


3 

Acetone, 18, 161, 235 

Acetophenone, 48, 50, 51, 96, 98 

Acetovanillone, 96 

Acetoveratrone, 96, 98 

Acorone, 116 

Acoroxide, 116 

Acorus calamus, 109 

Aka-todo-matsu, 217 

Albicaulene, 282 

Allicin (allylsulfiny]-ally! sulfide), 67, 68 

Alliin, 67, 68 

Alliinase, 68 

Allium cepa, 70 

Allium sativum, 67 

Allyl cyanide, 56, 57, 58, 59, 60 

Ally] disulfide oxide, "69 

Allyl isothiocyanate (allyl mustard oil), 55, 
56, 57, 58, 59, 60, 63, 64 

Allyl mustard oil, see ‘Allyl isothiocyanate 

Allylpropy] disulfide, 69 

Allyl sulfenic acid, 68 

Allyl sulfide, 67 

Allylsulfiny!-allyl sulfide, see Allicin 
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Allyl thiocyanate, 56, 71 

Aloysia citriodora, 37 

Ambergris, 48 

Ambrette seed oil, 173 

Ambrettolic acid, 175 

Ambrettolide, 175 

a-Amino acrylic acid, 68 

Ammonia, 68, 161 

Androl, 234 

Anethole, 299 

Anisaldehyde, 244, 250 

Ansérine vermifuge, essence d’, 161 

Ao-todo-matsu, 217 

Apple cider, 60 

Araceae oils, 107 

Araucaria cooki1, 321 

Araucaria oil, 321 

Arborvitae, eastern, 325 

Arborvitae, false, 823 

Artstolochiaceae oils, 148 

Aristolochia reticulata, 145 fn. 

Aristolochia serpentaria, 145 fn. 

Armoracia lapathifolia, 63 

Asaronaldehyde (2,4 '5-trimethoxybenzalde- 
hyde), 114, 115, 148 

Asarone (1 2,5-trimethoxy-4-propenyl- 
benzene), 114, 115, 147 

Asarum canadense, 145 

Asarum europaeum, 147 

Ascaridole, 151, 153, 154, 157, 158, 159, 160 

Ascaridole glycol, 161 

Atlantone, 237 

a-Atlantone, 236, 237 

+y-Atlantone, 236, 237 

Atranol, 186, 188 

Atranorin, 184, 186, 187, 188 

Aurantine, 279 

Azulene, 115, 146, 209, 250 


Baldrianol, 23 
Balm of Gilead tree, 231 
Balsam, Canada, 232, 233 


399 


400 


Balsam, Oregon, oil, 2/2 
Balsam fir, 212, 231 


Balsam tree, 231 ° 

Baltimore oil, 151 

Barbatinic acid, 184, 185 

Bayas de Enebro, aceite esencial, 370 

Benzaldehyde, ae the 96, 295 

Benzoic acid, 73, 9 

Benzyl acetate, ts 

Benzyl alcohol, 72, 73, 95 

Benzyl benzoate, 72, 73 

Betula alba, 16 

Betula brea, aceite esencial, 17 

Betulaceae oils, 9 

Betula dulce, aceite esencial, 11 

Betula lenta, 5, 11 

Betula papyrifera, 16 

Betula pendula, 16, 17 

Betula pubescens, 16 

Betulene, 16 

Betulenene, 16 

Betulenol, 17 

Betulin, 20 

Betulol, 17 

Birch, black, 11 

Birch, cherry, 11 

Birch, white, 16 

Birch buds oil, 16 

Birch tar oil, 17 

Birkendl, 18 

Birkenrindendl, 11 

Birkenteerél, 17 

Birkentheer, 18 

Birkenwasser, 16 

Bisabolene, 216 

Borneol, 26, 27, 39, 52, 146, 189, 205, 206, 
208, 210, 211, 216, 220, 226, 230, 231, 
242, 246, 250, 252, 295, 298, 209° 308, 
825, 329, 338, 343, 344, 348, 350, 352, 

Borneol ether, 28 

Borneol oxide, 28 

Borny] acetate, 27, 31, 147, 202, 205, 206, 
207, 208, 909, "210, 211, 215, 216, 217, 
219, 220, 221. 225, 226, 297, 228, 229, 
231, 232, 234, 241, 242, 244, 246, 250, 
252, 277, 289, 325, 343, 348, 351 

Borny] butyrate, 27 

Borny] caproate, 244 

Borny]l formate, 27 

Bornyl isovalerate, 25, 27, 28, 31 

Borny] nonylate, 348 

Bornyl propionate, 244 

Borovicka, 374 

Bouleau, essence d’ Ecorce de, 11 

Brassica alba, 61 

Brassica juncea, 55, 60, 61 

Brassica napus, 

Brassica nigra, 55, 61 

Brinjevec, 374 

By leurol, 234 
y-Buteny! i isothiocyanate (crotonyl mustard 
oil), 


Google 
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Buty]-crotony] isothiocyanate sulfide,62 
Butyric acid, 27, 140, 161, 237 


Cadalene, 282 

Cade oil, 884, 385 

Cadinene, 196, 203, 208, 209, 210, 235, 244, 
250, 252, 283, "284, 315, 317, 336, 344, 
345, 347, 348° 350, 352, 365, 380, 382, 
383, 385, 386, 389 

a-Cadinene, 282 

Cadinol, 344, 350, 352, 383, 386 

Calamene, 114, 115, 116 

Calamenene 115 

Calamenenol, 114 

Calamenol, 114, 115 

Calameone, 115, 116 

Calamol, 114 

Calamone, 116 

Calamus camphor, 115 

Calamus oil, 109 

Calamus oil_—chemical composition, 113 

ia PY oil—physicochemical properties, 


Calamus oil—use, 117 

Callitris, 321 

Callitropsis araucartoides, 321 

Camphene, 27, 31, 114, 1B, 208, 209, 211, 
212, 216, 217, 220, 221; 249, 250, 278, 
280, 281, 283, 295, 296, 317, 335, 338, 


344, 

Camphene, chlorinated, 278 

Camphor, 114, 116, 160, 189, 208, 210, 217 
278, 299 

Camphor, synthetic, 296 

Canadene, 209 

Capric acid, 94, 140, 212, 347, 352 

Caproaldehyde, 242, 244, 250 

Caproic acid, 237, 338, 341 

Caprylic acid 94, 139, 140 

Carbon disulfid de, "59 

Carene, 335 

A®-Carene, 160, 209, 244, 249, 250, 251, 280, 

284, 286, 287 fn - 337 

A‘-Carene, 160, 197, 251 

Carvone, 3 8, 383 

=-Caryophylene, 139, 140; see also Humu- 


g-Carya ee 39, 140, 140 fn., 383 
Cascarilla oil, 

Cascarillic Bed “70 

Cedar, Atlas, 234 

Cedar, eastern, 353 

Cedar, eastern white, 325, 329, 353 

Cedar, Japanese, 312, 342 

Cedar, northern white, 325, 329 

Cedar, Port Orford, $60 

Cedar, red, 329 

Cedar, southern red, 353 

Cedar, swamp, 325 

Cedar, Tennessee, 353 

Cedar, Texas, 365 

Cedar, Virginia, 353 

Cedar, western Ted, 331 
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Cedar, western white, 350 

Cedar camphor, see Cedrol 

Cedar leaf oil, 325, 364 

Cedar leaf oil, red, 364 

Cedar leaf oil, white, 325 

Cedar of Lebanon, 236, 238 

Cedarwood, Atlas, oil, 234 

Cedarwood, Deodar, oil, 236 

Cedarwood, East African, oil, 368 

Cedarwood, Himalayan, oil, 236 

Cedarwood, Lebanon, oil, 238 

Cedarwood, red, oil, 353 

Cedarwood, Texan, oil, 365 

Cedarwood, Virginian, oil, 353 

Cedarwood, white, oil, 329 

Cedarwood oil, 363 

Cedarwood oil—analysis, 360 

Cedarwood oil—as adulterant, 363 

cg ahaa oil—cedrol content and assay, 
868 

Cedarwood oil—chemical composition, 361 

Cedarwood oil—distillation and yield of oil, 


8565 
Cedarwood oil—physicochemical properties, 
856 


Cedarwood oil—use, 364 

Cedernholzél, 353 

Ceédre, essence de bors de, 353 

pe 311, 312, 357, 361, 362, 363, 367, 


a-Cedrene, 362 

&-Cedrene, 362 

Cedrenol, 361, 362, 363 

Cedro del Palo Ligero, aceite esencial, 353 

Cedrol (cedar camphor; cypress camphor), 
39, 311, 312, 336, 357, 358, 361, 362, 
363, 367, 369 

Cedrus Allantica, 234 

Cedrus deodara, 236 

Cedrus libani, 236, 238 

Cedrus libanotica, 238 

Cedrus libanotica subsp. atlantica, 234 

Cedryl acetate, 357 

Chamaecypariol, 345 

Chamaecyparis lawsoniana, 350 

Chamaecyparis obtusa, 341 

Chamaecyparis obtusa—botany, 341 

C sat a obtusa forma formosana, 
34 


Chamaecyparis taiwanensis, 342 

Chamaecyparis thyoides, 325 fn., 353 fn. 

Chamene, 349 

Chamenol-A, 346 

Chamenol-B, 346 

Chenopodiaceae oils, 149 

Chenopodium ambrosioides var. 
ticum, 161 

Chenopodium ambrosioides var. anthelmin- 
ticum—botany, 161 

Chenopodium ambrosioides var. anthelmin- 
ticum—harvesting, 162 

Chenopodium oil, 161 

Chenopodium oil—analysis, 158 


anthelmin- 


Google 
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ee ati oil—chemical composition, 


Chenopodium oil—distillation, 154 

Chenopodium oil—physicochemical proper- 
ties, 156 

Chenopodium oil—use, 161 

Chloro-atranol, 186, 188 

Chloro-atranorin, 184, 186, 187, 188 

Chloro-hematommic acid, 186 

seu aes acid ethyl ester, 187, 

Chloro-hematommic ester, 186 

Chlorophyll, 187 

Cineole, 39, 52, 114, 126, 190, 295 

Cinnamaldehyde, 73 

Cinnamic acid, 74 

Cinnamy]l acetate, 73 

Cinnamy] alcohol, 72, 73 

Cipres, aceite esencial, 332 

Cistaceae oils, 48 

Cistus ladaniferus, 48 

Citral, 38, 41, 211 

Citronellic acid, 346 

Citronellol, 39, 190, 338, 389 

Clair de labdanum, 48 

Cochlearia armoracia, 63 

Coconut oil, 121 

Cocos nucifera, 121 

Convallaria majalis, 75 


“| Creosol, 19, 385 


Cresol, 19 

p-Cresol, 74, 383 

Crocus sativus, 106 

Croton eluteria, 169 

Crotonyl mustard oil, see y-Buteny] isothio- 
cyanate 

Cruciferae oils, 58 

Cryptene, 314 

yah eed see Eudesmol 

a-Cryptomerene, 317 

Cryptomeria japonica, 3812 

Cryptomeria japonica—leaf oil, $16 

Cryptomeria japonica—root oil, $12 

Cryptomeriol, 315 

Cryptone (4-isopropyl-2-cyclohexen-1l-one), 
244, 250 


Cuminaldehyde, 244, 250 
Cupressaceae oils, 319 
Cupressene, 340 
Cupressus fastigiata, 332 
Cupressus glauca, 337 
Cupressus japonica, 312 
Cupressus lambertiana, 889 
Cupressus lawsoniana, 350 
Cupressus lusttanica, 337 
Cupressus macrocarpa, 389 
rae macrocarpa var. guadalupensis, 
39 


Cupressus pendula, 337 

Cupressus sempervirens, 332 

Cupressus sempervirens var. fastigiata, 332 
Cupressus sempervirens var. horizontalis, 332 
Cupressus sempervirens var. pyramidalis, 332 


402 


Cupressus sempervirens var. stricta, 332 

Cupressus sinensis, 337 

Cupressus torulosa, 840 

p-Cymene, 153, 159, 160, 170, 297, 306, 307, 
335, 338 349 

Cyperaceae oils, 128 

Cyperene, 126 

Se ada 126 
yperone, 126 

Cyperus rotundus, 1 in 

Cypress, ST RENRE 

Cypress, Italian 330° 

Cypress, Japanese, 312, 342 

Cypress, Monterey, 339 

Cypress, Portuguese, 337 

Cypress cig ora see Cedrol 


Cypress oil 
Cypress oil--Guatemala, 8388 


Dacrydene, 197 

Dacrydium drags 195, 197 
Damascenine, 1 

Decy] alcohol, 175 

n-Decylaldehyde (decylic aldehyde), 96, 


28 

Decylic aldehyde, see n-Decylaldehyde 

Dehydrogeranic acid, 323 

Dehydroperillic acid, 331, 332 

Pee Anid ares acid ’ methyl ester, 332 

Depsides, 1 

Diacetyl, 52, 97, 336, 389 

Diallyl disulfide, 67, 68, 69 

Dially] polysulfide, 69 

Diallyl trisulfide, 69 

Diasarone, 148 

ina disulfide, 69 

Dihydrocuminy] alcohol, 389 

Dimethoxy-3, 4-acetophenone, 96 

Dimethyl anthranilate, 73 

Dimethylcyclohexenone, 190 

Dimethyl disulfide, 301 

Dimethylene src 160 

2,6-Dimethyl-10-methylene-2,6, 1 1-dodeca- 
triene, 140 

Dimethylnaphthalene, 386 

Dimethylphenol, 19 

Dimethyl sulfide, 60, 301 

Dipentene, 31, 30, 139, 170, 202, 208, 211, 
212, 216, ‘220, 243, 249, 250, 277, ‘283, 
284. 286, 289, 295, 297, 302, 306, 308, 
317, 325, 341, 344, 349, 852 

Dipentene (" dipentine”), 293, 294, 296 

“Dipentine,” see Dipentene ( ‘dipentine’”’) 

Disulfide, 71 

Doggut, 18 


Edeltanne, 224 
Enanthic of (n-heptylic acid), 115, 139, 


Estragole, see Methy] chavicol 
Ethyl alcohol, 161 
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rhe OP aaateatae 73 

Ethyl myristate, 9 

Eudesmene, 

par (eryptomeradol; machilol), 315, 


8-Eudesmol, 315 

Eugenol, 51, 73, 98, 114, 115, 146, 170, 196 
Euphorbiaceae oils, 167 

Evernia furfuracea, 179, 184, 187 

Evernia prunastri, 179, 184, "187, 189 
Evernic acid, 184, 185, 1 

Everninic acid, 184, 185, 187, 189 
Everninic acid. ethyl ester, 187 

Everninic ester, 184, 185 


Farnesene, 140 

Farnesol, 75, 175 

Fenchene, 335 

Fenchone, 299, 329 

Fenchy] alcohol, 208, 277, a 298, 299 

Fichtennadeldl, ‘Sibirisches, 21 

Fir, blue, 211 

Fir, Colorado Douglas, 211 

Fir, Douglas, 210 

Fir, ay, 203 

Fir, ’ ’ 

Fir, silver, American, 231 

Fir, silver, European, 224, 228 

Fir, western, 210 

Fir oil, Douglas, 211 

Fir oil, Siberian, 214 

Fir oil, silver, 201 

Formaldehyde, 139 

Formic acid, 27, 34, 140, 189, 329, 338, 352 

“Fructus lupuli,” 129 

Furfuracinic acid, 184 

Furfural, 38, 52, 95, 97, 175, 211, 251, 295, 
335, 336, 389 


Garlic oil, 67 

Ga , essence de, 3 

Gaultheria procumbens, 8, 11, 14 

Gaultherin’ 1 11 

Geniévre, essence de, 87 

Geraniol, 39, 95, 139, o46, 190, 211, 212, 323, 
389 


Geranyl dehydrogeranate, 323 

Geronic acid, 51 

Ginger, wild, 145 

Goudron de Bouleau, essence de, 17 

Guaiacol, 19, 385 

S-guaiazulene, 363 

Gum spirits of turpentine, see Turpentine, 
gum spirits of 

Gum Da gaa, see Turpentine, gum spirits 


Heliotrope, garden, 23 

Hematommic acid, 186 

Hematommic acid ethyl ester, 187, 188 
Hematommic ester, 186 

Hemlock, common, 203 


‘Hemlock, eastern, 203, 205, 209 
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Hemlock, western, 203, 206, 208 

Hemlock oil, 208 

Hemlock oil—chemical composi 

2-Hendecanol Lee coreleareian 121 
n-Heptaldehyde, 73 

n-Heptane, 256, 279, 281, 283, 285 
n-Heptanol, 73 

n-Heptylic acid, see Enanthic a 


2-Hexen-1-al tiqee eaf aldehyde”’ 
3-Hexen-1-ol (“leaf alcohol”), be? 
Hiba leaf oil, $24 


Hiba oil, 323, 346 
Hiba wood oil, 823 
Hibiscus abelmoschus, 178 
Hinoki, Arisan, 342, 345, 349 
Hinoki acid, 348 
Hinoki leaf oil, 847 
Hinoki leaf oil—Formosan, $49 
Hinoki leaf oil—Japanese, $47 
Hinoki leaf oil—use, 850 
Hinoki oil, 841 
Hinoki root oil, 8348 
Hinoki root oil—Formosan, 345 
Hinoki root oil—Japanese, 348 
Hinoki root oil—use, 360 
Hinokitiol, 324, 346 
Hinoki trunk oul, 847 
Hoe 132 
enol, 129 
mere red,” 134 
Hopebotany, planting and harvesting, 129 
Hops oil, 1 
Hops ott chemical composition, 138 
Hops oil—distillation, yield and quality, 134 
Hops oil—physicochemical properties, 186 
Hops oil—use, 141 
Horseradish oil, 63 
Houblon, essence de, 129 
Humulene, 139, 140; see also a-Caryophyl- 
ene 
Humulinone, 133 
Humulone, 132 
Humulotannic acid, 134 
Humulus, 129 
Humulus americanus, 130 
Humulus lupulus, 129 
Hyacinth, concrete and absolute, 71 
Hyacinthus non scriptus, 71 
Hyacinthus orientalis, 71 
Hydronaphthalenes, 20 
Hydroquinone, 73 
ey oraupone dimethyl ether, 73 
By benzyl mustard oil, 61 
roxydihydroirone, 96 
Hydroxy-4-methoxy-3-acetophenone, 96 
15-Hydro ntadecanoic acid, 374 
2-Hydroxyp enol, 19 


Ionone, 316 
Irene, 87 
Iridaceae oils, 77 
Iridine, 87 
Irigenine, 87 
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Iris, essence Fy 79 
Tris florentina, 79 
Iris germanica, 79 


a-Irone, 87, 98, 99, 100, 101, 102, 104 
6-Irone, 87, 99, 100, 102, 104 
-Irone, 87, 98, 99, 100, 104 

‘Irone absolute,” 85, 90 

Irones, 83, 84, 86, 88, 91, 92, 93, 96, 98 
Ironee—composition, 98 
Irones—isomerization, 99 
Irones—stereoisomerism, 99 
Isoacorone, 116 

Isoborneol, 345 

Isoborny] acetate, 217, 278 
Isoborny] thiocyanoacetate, 278 
Isobutyraldehyde, 62 
Isocryptomeriol, 315 

Iso-c-irone, 100, 104 

Isoirones, 100 

Isolimonene, 160 

peopiyocacens, 340 

Isoprene, 29 
Isopropyl ie tatrienolone, 324 
EIORE DYE Ey S ohexen-l-one, see Cryp- 


Isovaleraldehyde, 62 
Isovaleric acid, 25, 26, 27, 28, 31, 34, 39, 133, 
134, 135, 137, 329, 365 


Jucktendl, 18 

uchtend 

Junene, 380 

Juniper, dwarf, 374 

Juniper, mountain, 374 

Juniper, prickly, 374 

Juniper berries, 370 

Juniper berries—adulteration, 374 

Juniper berries—botany, 370 

Juniper berries—chemical composition, 374 

Juniper berries—collection, 370 

Juniper berries—distillation, $74 

Juniper berries—quality, 371 

Juniper berry oil, 370 

cg 8 berry oil—chemical composition, 

Juniper berry oil—distillation and yield, 874 

Juniper berry oil—physicochemical proper- 
ties, 876 

Juniper berry oil—use, $81 

Juniper camphor, 381 

Juniper hydrate, 381 

Juniperin, 374 

Juniper stearoptene, 381 

Juniper tar, 

Juniperus communis, 870, 379 

Juniperus communis var. "erecta, 870 

Juniperus communis var. depressa, 870, 373 

Juniperus communis var. nana, 374 

Juniperus mexicana, 360, 365 

Juniperus oxycedrus, 374, $881 

Juniperus oxycedrus—berry oil, 381 
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J: ia oxycedrus—chemical composition, 


Juniperus oxycedrus—empyreumatic wood 
oil (cade oil), 384 

Juniperus oxycedrus—leaf oil, 382 

Juniperus oxycedrus—physicochemical prop- 
erties, 3884 

Juniperus oxycedrus—steam-distilled wood 
oil, 382 

Juniperus oxycedrus—use, 886 

Juniperus phoenicea, 386, 388 

Juniperus procera, 368 

Juniperus sabina, 386 

Juniperus thurifera var. gallica, 386 

Juniperus virginiana, 325, 329, 368, 367, 368 


Kesso glycol, 31, 32 
Kesso glycol anhydride, 31 
Kesso glycol hydrate, 32 
Kesso kanokoso, 28 
Kesso root, 26 

Keaso root. oil, 28 

Kessyl acetate, 30, 31 
Kessyl alcohol, 30, $1, 32 
Kiganene, 315, 

Kiganol, 315 

Kinsho oil, 811 

Kobushi oils, 125 
Koyamaki oil, 311 
Kuru-ezo-matsu, 217 


Labdanum—gum, 46 

Labdanum, concrete and absolute, 48 

Labdanum leaf oil, 49 

Poetics leaf sil chemical composition, 

Labdanum oil, 45, 4 

Labdanum ott chemical composition, 60 

Labdanum resinoid, 47 

iol, 51 

Ladanos, 45 

Lambertol, 283 

Lauraldehyde (lauric aldehyde; laurylalde- 
hyde), 228, 285 

Lauric acid 94, 341, 347 

Lauric aldehyde, see Lauraldehyde 

Laurylaldehyde, see Lauraldehyde 

Leaf alcohol, see 3-Hexen-1-ol 

Leaf aldehyde, see 2~Hexen-l-al 

Ledol, 5 

Lichen aan 180, 183 

Lichenol, 187 

Lightwood, 291 

Inliaceae oils, 65 

Inlium candidum, 78 

Lily, concrete and absolute, 73 

Lily, Easter, 73 

Lily of the valley, concrete and absolute, 75 

Limonene, 39, 160, 170, 197, 208, 209, 311 
213, 921, 228, 231, 243. 249, 280, 282, 
283, 284, 285, 287 fn., 295, 337, 344, 


348, 352, 365 
Linalodl, 39, 74, 95, 189, 146, 350 
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i 1 cinnamate, 74 
Linaly] isononylate, 139 
Inppra citriodora, 37 
Lario de Florencia de la Raiz, aceite esencral, 


79 
Longifolene, 285, 287 fn. 
Love-in-a-mist, 165 fn. 
Luparenol, 139 
Luparol, 134, 137, 139 
Luparone, 1 139 
peiihs ik 129, 130, 134, 135, 138 
upulin—composition, 182 
upulinic acid, 132 
eTupulinic acid, 132 
Lupulo, acerte esencial, 129 
Taptilone, 132 
Lupulus, 129 


Machilol, see Eudesmol 
Macrocarpol, 340 
Maleic acid, 374 
Malvaceae oils, 171 
p-Menthadienes, 297 
Menthane, 295, 297 
{enthanol, 298 
1- Menthen-4-ol, see Terpinen-4-ol 
enthenol P, 244 
Merulius lacry mans, 323 
2-Methoxy-4-methyiphenol, 19 
o-Methoxyphenol 
1- Methyl-4-acetyl- Teevebhasens (p-methy]- 
3-tetrahydroacetophenone), 235, 237 
Methy] alcohol, 18, 97, 161, 336, 389 
Methylamine, 161 
Methyl n-amyl ketone, 121 
Methyl caprate, a 
Methyl caprylate, 94 
Methyl chavicol (estragole), 277, 289, 295, 
298, 299, 302 
Methyleugencl, 73, 114, 115, 146, 147, 196, 
19 


Methyl] heptenone, 38, 238 

Methyl] n- eptylcarbinol, see 2-Nonanol 
Methyl n-heptyl ketone, 121 

Methy] laurate, 94 

Methyl linoleate, 95 

Methyl mercaptan, 62, 301 
Methyl-o-methoxy-benzoate, 73 

Methyl] myristate, 91, 94 
Methyl-n-nonylcarbinol, see 2-Hendecanol 
Methyl n-nonyl] ketone, 121, 139, 190 
Methy] oleate, 94 

Methy] palmitate, 95 

Methyl - elar ae 94 

Methylphenol, 

oe alee 4. 5, 6, 7, 11, 13, 14, 15, 


Methyl salicylate primeveroside, 4, 11 

Methyl stearate, 95 

Methy] sulfide, 302 

4-Methylsulfoxide-3-buteny! cyanide, 63 

p-Methyl-3-tetra By araeceran .snone, see 
1-Methyl-4-acetyl-1-cyclohexene 
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Methyl n-undecy! ketone, 121 
Monotropitin, 4, 11, 13 

Monotropitoside, 4, "1 

Moraceae oils, 127 

M oschuskérnerdl, 173 

Mostaza, aceite esencial, 56 

Mousse d’arbre, 179 

Mousse de chéne, 179 

Moutarde, essence de, 55 

Mustard, ‘black, 56, 61 

Mustard, brown, 56 

Mustard, Indian, 56 

Mustard, white, 61 

Mustard, yellow, 61 

Mustard. oil, 56 

Mustard oil—chemical composition, 59 
Mustard oil—physicochemical properties, 59 
Mustard oil—use, 60 

Mustard seed (black) oil, 56 

Mustard seed (white) oil, 61 

Myrcene, 39, 140, 209, 303, 337, 340, 382 
&-Myrcene, 139, 250 

Myrcenol, 139, 140 

Myristic acid 85, 86, 87, 88, 89, 92, 93, 94 
Myristic alde yde, 285 

Myrosinase, 56, 57, 58, 63 


Naphthalene, 16, 95, 190 

Neo-a-irone, 100, 104 

Neo-f-irone, 100 

Neo-7-irone, 101, 104 

Neo-iso-e-irone, 100 

Nerol, 39, 212 

Nerolidol, 39 

Nigella damascena, 165 

Nonane, 285 

2-Nonen-1-al, 97 

2-Nonanol (methyl-n-heptylcarbinol), ar 

a Noes (nonylic aldehyde), 96 
85 


Nonylic ‘aldehyde, see n-Nonylaldehyde 
Nopol, 278, 303 


Oak moss, concrete and absolute, 179 
Oak moss—botany, 179 

Oak moss—chemical composition, 188 
Oak moss—extraction, 180 

Oak moss—use, 190 

Oak moss resinoids, 182 

3-Octanol, 338 

Octylic aldehyde, 283, 285 

“Old man’s beard,” 179 

Oleic acid, 189 

Oleic aldehyde, 91, 96 

Oleum abelmoschi see 173 

Oleum asari canadensis, 146 

Oleum betulae lentae, 11 

Oleum cascarillae, 169 

Oleum chenopodit anthelmintict, 161 
Oleum cupressi, 832 

Oleum gaultheriae, 3 

Oleum humult tap 129 

Oleum iridis, 79 
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Oleum juntpert, 370 

Oleum ligns cedri, 358 

Oleum prcis rectificatum, 17 

Oleum rusci rectificatum, 17 

Oleum sabinae, 386 

Oleum sinapis, 56 

Oleum ae 23 

Onion oil, 7 

Orcinol, ist, 185, 188, 189 

6-Orcinol, 185, 189 

g-Orcinol carboxylic acid, 185 

8-Orcinol carboxylic acid methy] ester, 186, 
187, 188, 189 

Oreinol monomethy] ether, 184, 185, 188, 


18 
8-Orcinol monomethy] ether, 185, 188 
Orris, Florentine, 79 
Orris, Verona, 79 
Orris. absolute, 85, 90 
Orris absolute—adulteration, 98 
Orris absolute—chemical composition, 93 
Orris ante ny mcocnenice properties, 


Orris, aiaaliteaias 104 

Orris butter, 83, 85. 

Orris concrete, 83, 85 

Orris concrete—adulteration, 98 

Orris concrete—analysis, 89 

Orris concrete—chemical composition, 93 

Orris concrete—physicochemical properties, 
&8 


Orris concrete—use, 104 

Orris resinoids, 83 

Orris resinoids, ‘ ‘absolute,” 84 

Orris resinoids, ‘‘soluble,’’ 84 

Orris resinoids—use, 104 

Orris root—botany, 19 

Orris root—cultivation and harvest, 80 

Orris root—storage, 82 

Orris root oil, 79 

Orris root oil—chemical composition, 93 

Orris root oil—distillation, 86 

Orris root oil—extraction with volatile sol- 
vents, 83 

Orris tenfold, 85, 90 

Orsellinic acid, BA, 185, 187, 189 


Palmae oils, 119 

Palmitic acid, 34, 74, 94, 115, 146, 170, 173, 
175, 189, 

Patrinia scabiosaefolia, 28 

Pelargonic acid, 94, 139 

Phellandrene, 202, 217, 244 

a-Phellandrene, 209, 216, 220, 244, 249, 338, 


8-Phellandrene, 208, 233, 244, 249, 281, 338 
Phenol, 19 

Phenylethyl alcohol, 73, 74 

Phenylethyl isothiocyanate, 64 
Phenylpropyl] isothiocyanate, 64 
Phyllocladene (sciadopitene), 197, 311, 312 
Physodic acid, 1 

Picea abies, 261 
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Picea alba, 203, 207, 208 
Picea canadensis, 203, 207 
Picea excelsa, 201 

Picea glauca, 203, 207 
Picea jezoensis, 217, 219, 220 
Picea mariana, 203, 207, 
Picea nigra, 203, 207 
Picea obovata, 21 14 

Picea vulgaris, 201 

Picene, 208 

Pinaceae oils, 199 

Pine, Alaska, 203 

Pine, bishop, 283 

Pine, bristlecone, 280 
Pine, Colorado, pinyon, 282 
Pine, Coulter, 281 

Pine, Cuban, 260 

Pine, digger, 256, 279, 285 
Pine, dwarf, 239, 251, 373 
Pine, dwarf, needle oil, 289 
Pine, eastern white, 285 
Pine, foxtail, 280 

Pine, Georgia, 259 

Pine, hard, 259 

Pine, heart, 259 

Pine, hill, 259 

Pine, hill slash, 260 

Pine, Huon, leaf oil, 197 
Pine, es wood oil, 196 
Pine, J ace , 281 

Pin’ fe orey aes 279, 283 


Pine loblolly, 279, 285 

Pine, lodgepole, 281 

Pine, longleaf, 256, 259, 279, 283 
Pine, longstraw, 259 

Pine, Monterey, 284 

Pine, mountain, 373 

Pine, mountain, Swiss, 239 
Pine, Norway, 245, 284 

Pine, pinyon, single leaf, 283 
Pine, pitch, Caribbean, 256 
Pine, pond, 285 

Pine, ponderosa, 284 

Pine, ponderosa, Rocky mountain, 284 
Pine, red, 284 

Pine, sand, 281 

Pine, Scotch, 245 

Pine, shortleaf, 282 

Pine, slash, 256, 260, 279, 281, 289, 290 
Pine, southern yellow, 259 

Pine, spruce, 282 

Pine, stone, Swiss, 251 

Pine, sugar, 283 

Pine, swamp, 260 

Pine, torrey, 285 

Pine, umbrella, 311 

Pine, Virginia, 286 

Pine, western white, 283 

Pine, white, Mexican, 256 

Pine, whitebark, 280 

Pine, yellow slash, 260 
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Pine gum, see Pine oleoresin 


- Pine needle oil, Japanese, 217 


Pine needle le oil, Siberian, 214 

Pine oil, 2 

Pine oil, aimee 296 

Pine oleoresin—methods of obtaining, 261 

Pine eee of obtaining—bark 

ppi 
Pine loret—methods of obtaining—box- 
26 

Pine ce leoresitsSinetiiods of obtaining— 
chemical stimulation, 965 

Pine oleoresin—methods of obtaining—chip- 
ping, 263 

Pine oleoresin—methods of obtaining—cup 
system, 262 

Pine oleoresin—methods of obtaining—dip- 
ping, 267 

Pine oleoresin—methods of obtaining—fun- 
gus stimulation, 266 

Pine oleoresin—methods of processing, 267 

Pine oleoresin—methods of processing— 
central stills, 270 

Pine oleoreain—methods of processing—fire 
stills, 267 

Pine oleoresin—methods of processing—gum 
cleaning, 269 

Pine oleoresin—methods of processing— 

“‘gum farming,” 271 

Pine oleoresin—methods of processing— 
steam stills, 269 

Pine oleoresin—oil yield, 27 

Pine oleoresin—oil Yield—(ables), 272, 273 

Pine a a ara properties, 


Pine oleoresins from individual pine species, 
279 


Pine oleoresins from individual pine species 
—(Tables), 280 ff. 

Pinene, 27, 52, 211, 297, 382 

a-Pinene, 31, 51, 114, 115, 126, 146, 197, 202, 

, 211, 212, 213, 214, 216, 217, 

220, 221. 228, 231, 232, 
249, 250, 251, 252, 253, 275, 277, 278, 
280, 281, "282, 283, 284, 285, 286, 287 fn., 
288, 289, 295, 296, 302, 303, 306, 311, 
312, 317, 328, 335, 337, 340, 341, 344, 
345, 348, 349, 352, 365, 380, 389 

B-Pinene, 197, 208, 200, 211, 212, 213, 214, 
216, 220, 221, 233, 243, 250, 251, 253, 
275, 277, 278, 280, 281, 282, 283, 284, 
285, 286 , 287 fn, "988, 289, 295, 296, 
302, 303° 

Pine tar, 305 

Pine tar oils, 305 

Pinocarveol, 277, 289 

Pinus albicaulis, 980 

Pinus aristata, 280 

Pinus attenuaia, 280 

Pinus ayacahutte, 256 

Pinus balfouriana, 280 

Pinus balsamea, 281 

Pinus banksiana, 281 
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Pinus caribaea, 256, 260, 279, 881, 289 

Pinus cembra, 261, 252, 253 

Pinus clausa, 281 

Pinus contorta var. latifolia, 281 

Pinus coultert, 281 

Pinus echinata, 282 

Pinus edulis, 288 

Pinus flexilis, 282 

Pinus glabra, 282 

Pinus jeffreyt, 279, 888 

Pinus lambertiana, 288 

Pinus monophylla, 288 

Pinus montana var. mugus, 289 

Pinus montana var. pumilio, 2389 

Pinus montana var. rotundata, 289 

Pinus monticola, 288 

Pinus mugo (i.e., Pinus mugo var. perro): 
202, 227, 239, 251, 252, 337, 3 

Pinus muricata, 288 

Pinus palustris, 256, 257, et jh 283 

Pinus ponderosa, 279, 284, 28 

Pinus ponderosa var. ‘jeffreyi, iy 

Pinus ponderosa var. scopulorum, 284 

Pinus pumilio, 227, 239 

Pinus radiata, 284 

Pinus resinosa, 284 

Pinus rigida, 287 fn. 

Pinus rigida var. serotina, 285 

Pinus sabiniana, 279, 286 

Pinus strobus, 285 

Pinus sylvestris, 202, 246, 250, 251 

Pinus sylvestris —leaf (needle) oil, 245 

Pinus sylvestris—root oil, 251 

Pinus sylvestris—turpentine oil, 250 

Pinus taeda, 285 

Pinus torreyana, 286 

Pinus virginiana, 286 

Pinus washoensis, 286 

Piz juntperi, 384 

Podocarpaceae oils, 198 

Podocarprene, 311 

Polyporus gilvus, 323 

Polysulfides, 69 

Ponderene, 284 

Potassium. myronate, 56 

Primeverose, 11 

Propenyl isothiocyanate, 60 

Propionic acid, 338, 341 

Pseudocedrol, 362, 363, 367, 383 

Pseudotsuga douglasti, 210, 211 

Pein glauca, 211 

Pseudotsuga mucronata, 210 

Pseudotsuga taxtfolia, £10, 212 

Pseudotsuga tazifolia—leaf (needle) oil, 210 

Pseudotsuga tazifolia—turpentine oil, 212 

Pumiliol, 244 

Pumilone, 245 

Pyrobetulin, 19 

Pyrocatechol, 19, 385 

Pyroligneous ‘acid, 304 

a- and e-Pyronene, 306 

Pyrrole, 38 

Pyruvic acid, 68 
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Quenopodio, aceite esencial, 151 


Radish, black, 62 

Radish, white, 62 

Radish oil, 62 

Ranunculaceae oils, 163 
Raphanol, 62 

Raphanus sativus var. albus, 62 
Raphanus sativus var. niger, 62 
Resinous acids, 271, 273 
Rhizoninic acid, 185 
Rhizoninic acid’ ethyl ester, 187 
Rhizoninic ester, 185 

Rhodinic acid, 346, 347 

Rosin, 273 

Russian leather odor, 17 


Sabin, essence de, 386 

Sabinene, 325, 338, 340, 341, 349, 389 

Sabino, aceite esencial, 

Sabinol, 325, 336, 389 

Sabinyl acetate, 325, 389 

Sadebaumiél, $86 

Saffron oil, 106 

Safranal, 105 

Safrole, 161 

Sake, 312 

Santene, 202, 209, 216, 228 

Savin oil, $86 

Savin oil—chemical composition, 388 

Savin oil—physicochemical properties, 887 

Savin oil—use, 389 

Savin oil, French, 386, 388 

Schlangenwurzelél, Canadisches, 145 

Sciadopitene, see Phyllocladene 

Sctadopitys verticillata, 811 

Scilla nutans, 71 

Semen-contra d’ Amerique, essence de, 161 

Senfol, 56 

Serpentaire du Canada, essence de, 146 

Serpentaria, aceite esencial, 145 

Sesquichamene, 350 

Sesquicryptol, 317 

Shin-yo-yu, 217 

Sinalbin, 61 

Sinalbin mustard oil, 61 

Sinigrin, 56, 57, 63 

Snakeroot, Canadian, oil, 146 

Snakeroot, Texas, 145 fn. 

Snakeroot, Virginia, 145 fn. 

Sobrerol, 995 

Sparassis ramosa, 187 

Sparassol, 187 

Spirits of turpentine, see Turpentine, gum 
spirits of 

Sprout lichen, 179 

Spruce, 201 

Spruce, black, 203, 207, 209 

Spruce, Norway, 201 

Spruce, white, 203, 207 

Spruce oil, 208 

Spruce oil—chemical composition, 208 

Spruce turpentine, see Turpentine, sulfite 
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Stearaldehyde, 190 

Stearic acid, 34, 170, 189, 237 

Stearyl alcohol, 190 

Steinhiger, 374 

Succus juntperi, 376 

Suginene, 315 

Sugi oil, 312 

Sulfatase, 58 

Sulforaphene, 62 

Sweet birch oil, 5, 11 

Sweet birch oil—adulteration, 16 

Sweet birch oil—chemical composition, 15 

Sweet birch oil—physicochemical properties, 
1 


p 
Sweet birch oil—use, 15 
Sweet flag, 109 
Sylvestrene, 244, 249, 335 


Tar-burning, 303 

Tar oil, rectified, 17 

Taxodiaceae oils, 309 

Templin oil, 225, 228, 233 

Terebentene, 243 

Terpinene, 147, 295, 296, 341 

een erp mene 160, 251, 297, 388, 340, 349, 


y-Terpinene, 340, 349 
Terpinen-4-ol (1-terpinen-4-ol), 251, 336, 
338, 340, 341, 350, 380 
Terpineol, 27, 31, 250, 251, 278, 343, 350 
a-Terpineol, 39, 74, 146, 213, 295, 298, 317, 
, 338, 344, 345 
8-Terpineol, 299 
Terpineol, 341 
Perpin hydrate, 278 
Terpinolene, 209, 277, 289, 295, 296, 297, 
302, 340 


Terpinyl acetate, 216, 348 

Terpinyl cinnamate, 74 
Tetrahydroirone, 103 

Thanite, 278 

Thé du Canada, 3 

Thérébenthine d’ Alsace, 224 
Thérébenthine des Vosges, 224 
Thiocyanate, 62 

Thiocyanic acid, 71 

Thioglucosidase 58 

Thioglucosides, 58 

Thuja occidentalis, 203, 325, 353, 364 
Thuja oil, 326 

Thuja oil—adulteration, 328 

Thuja oil—chemical composition, 328 
Thuja oil—distillation, 325 

Thuja oil—physicochemical properties, 327 
Thuja oil—use, 329 

Thuja oil—wood oil, 329 

Thuja oil—yield, 326 

aes plicata, 331, 346 
a-Thujaplicin, 331, 346 
8-ThujJaplicin, 331, 346 
y-Thujaplicin, 331, 346 

a-Thujene, 249 

Thujone, 209, 238, 328 
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a-Thujone, 189, 328 

8-Thujone, 189 

Thujopsis dolabrata var. hondai, 323, 346 

Thyme lemon oil, 37 

Thymus hiemalzs, 37, 38, 39 

Thymus hirtus, 37 

Toxaphene, 278 

Tree moss, 179 

Triacontane, 7, 15 

Tricyclene, 209, 210 

Tridecylic acid, 94 

5,7,3'-Trihydroxy-6,4,5’-trimethoxy isofla- 
vone, 87 

2,4,5-Trimethoxybenzaldehyde, see Asaron- 
aldehyde 

1,2,5-Trimethoxy-4-propenylbenzene, see 
Asarone 

Trimethylamine, 302 

1,5,5-Trimethyl-6-cyclohexanone, 50 

T'suga canadensis, 203, 205, 209 

Tsuga douglasi1, 210 

Tsuga heterophylla, 203, 206, 208 

Turpentine, see Pine oleoresin; Turpentine, 
gum spirits of; Turpentine, sulfite; 
Turpentine, w 

Turpentine, Canada, 213, 282 

Turpentine, gum, see Turpentine, gum 
spirits of , 

Turpentine, gum spirits of, 253 

Turpentine, gum spirits of—chemical com- 
position of commercial, 277 

Turpentine, gum spirits of—chemicals from, 
278 


Turpentine, gum spirits of—from individual 
pine species, 279 

Turpentine, gum spirits of —from individual 
pine species (Tables), 280 ff. 

Turpentine, gum spirits of—history and pro- 
ducing regions, 256 

Turpentine, gum spirits of—physicochemi- 
cal properties (Table), 277 

Turpentine, gum spirits of—production, 255 

Turpentine, gum spirits of—production 
(Tables), 255, 258 

Turpentine, gum spirits of—reforestation, 
257 

Turpentine, gum spirits of—turpentine or- 
chards, 261 

Turpentine, gum spirits of—use, 277 

Turpentine, Oregon, oil, 212 

Turpentine, spruce, see Turpentine, sulfite 

Turpentine, steam-distilled, see Turpentine, 
wood, steam-distilled 

Turpentine, steam-distilled wood, see Tur- 
pentine, wood steam-distilled 

Turpentine, Strassburg, 224 

Turpentine, sulfate, see Turpentine, wood, 
sulfate 

Turpentine, sulfate wood, see Turpentine, 
wood, sulfate 

Turpentine, sulfite, 254, 307 

Turpentine, wood, D.D., see Turpentine, 
wood, destructively-distilled 
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Turpentine, wood, destructively-distilled, 
254, 290, 303 

Turpentine, wood, destructively-distilled— 
chemical composition, 306 

Turpentine, wood, destructively-distilled— 
history, 803 

Turpentine, wood, destructively-distilled— 
physicochemical properties, 305 

Turpentine, wood, destructively-distilled— 
production, 303 

Turpentine, wood, destructively-distilled— 
use, 306 

Turpentine, wood, S.D., see Turpentine, 
wood, steam-distilled 

Turpentine, wood, steam-distilled, 2564, 290 

Turpentine, wood, steam-distilled—chemi- 
cal composition, 296 

Turpentine, wood, steam-distilled—history, 
290 


Turpentine, wood, steam-distilled—other 
volatile compounds from, 296 

Turpentine, wood, steam-distilled—physico- 
chemical properties, 294 

Turpentine, wood, steam-distilled—produc- 
tion, 291 

Turpentine, wood, steam-distilled—produc- 
tion (Table), 292 

Turpentine, wood, steam-distilled—use, 296 

Turpentine, wood, steam-distilled—yield, 
294 

Turpentine, wood, sulfate, 254, 290, 299 

Turpentine, wood, sulfate—chemical com- 
position, 301 

Turpentine, wood, sulfate—physicochemical 
properties, 302 

Turpentine, wood, sulfate—production 
(Table), 300 

Turpentine, wood, sulfate—purification of 
crude, 301 

Turpentine, wood, sulfate—use, 303 

Turpentine oil, see Turpentine, gum spirits of 

Turpentines, American, 253; see also sub- 
divisions of Turpentine. 


Umbellulone, 338, 339 
n-Undecane, 281, 283, 285 
Undecylenic acid, 325 
Undecylic acid, 94 

Usnea, bearded, 179 
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Usnea barbata, 179 
Usneaceae oils, 177 
Usnea ceratina, 185 
d-Usnic acid, 184, 187 


Valeraldehyde, 31 
Valerian—cultivation, 23 
Valerian—distillation, 26 

Valerianaceae oils, 21 

Valeriana officinalts, 23 

Valerrana officinalis var. angustifolia, 28 
Valeriana officinalis var. latifolia, 26, 28 
Valeriana wallichti, 33 

Valerian oil, 23 

Valerian oil—chemical composition, 27 
Valerian oil—physicochemical properties, 26 
Valerian oil—use, 28 

Valerian oil—yield, 25 

Valerian oil, Indian, 33 

Valerian oil, Japanese, 28 

Valeric acid, 140, 336 

Vanillin, 72, 190 

Veilchenwurzelél, 79 

Verbena, concrete and absolute, 40 
Verbena, lemon, 37 

Verbenaceae oils, 36 

Verbena officinalis, 37 

Verbena oil, 37 

Verbena oil, Spanish, 37 

Verbena triphylla, 37 

Verbenone, 39 

Verveines des tisanes, 37 


Wacholderbeerdl, 870 

Weisstanne, 224 

Wintergreen—botany, 3 

Wintergreen—distillation, 4 

Wintergreen oil, 3, 11, 14, 15 

Wintergreen oil—adulteration, 6 

Wintergreen oil—chemical composition, 6 

Wintergreen oil—physicochemical proper- 
ties, 5 

Wintergreen oil—use, 7 

Wintergrinél, 3 

Wormseed oil, American, see Chenopodium 
oil 

Wurmsamenél, Amerikanisches, 151 


Xylenol, 19 


Generated on 2021-06-26 17:07 GMT / https://hdl.handle.net/2027/mdp.39015010948308 
Public Domain, Google-digitized / http://ww.hathitrust.org/access use#pd-google 


3]B00*) Aq paziibig 


NYOIHSIAW 40 ALISUSJAINN 
Woy /PUIGUO 


INDEX, VOLUMES I-VI 


This Collective Index represents a careful revision and compilation of the individual 
indexes to each of the six volumes of the series ‘“The Essential Oils.’’ 

Numbers in italics indicate main entries; in the case of plant species, they indicate refer- 
ences to monographs (or sections of monographs) dealing with the essential oil of the species. 
Roman numerals indicate specific volumes of the series. 

Wherever possible, synonymous names for chemical compounds have been brought to- 
gether under one main heading, such heading being in each case that employed in Vol. II of 
this series. Cross-references are made from the several synonyms. Thus, n-Decylaldehyde, in 
various volumes, may be called Capraldehyde, Capric aldehyde, or Decanal. In the present 
index, the last three names have been cross-referred to n-Decylaldehyde. 

In the course of compiling this index, some inconsistencies of nomenclature were observed 
in the text; these have been noted and corrected. In very large part such inconsistencies 
may be traced to the orginal literature quoted by the authors of this series. This is par- 
ticularly the case with the older chemical literature, where consistency in nomenclature is 
not always to be found. 


Abbe refractometer, I, 244 Acetal—b.p. (Table), I 
Abelmoschus moschatus, VI, 178 Acetaldehyde, I, 54 54, 62; ai $08, 309, 332, 
Abies alba, VI, 201, 202, 282, 224 807; III 127, 531, 616; IV, 304, 306, 
—cone oil, VI, 228 569, 583° VI, 97, 161 
—leaf (needle) oil, VI, 224 —b.p. (Table), TL, 382 
Abies balsamea, VI, 212, 231, 232 Aceteugenol, see Eugenol acetate 
Abies balsamifera Ay? 231 Acetic acid, IL, 201, 375, 377, 378, 379, 407, 
Abies douglasiz, VI, 210 559, 661, 565, 618, "620, 621, 623, 624, 
Abies excelsa, VI, 22 yi 626, 628, 630, 632, 794; Iii, 87, 106, 
Abtes mayriana, VI, 217, 219, 220 118, 126, 194, 200, 201, "2A, "243, 28A. 
Abies mucronata, VI, 210 328, 356, 376, 419, 423, 436, 467, 468, 
Abies pectinata, VI, 294 469, 503, 526, 529, 534, 585, 616, 633, 
Abies picea, VI, 224 657, 672, 681, 694, 743; IV, 135, 140, 
Abies sachalinensis, VI, 217, 219, 220, 221 147, 150, 206, 303, 305, 348, 589, 590, 
Abies sibirica, VI, 214 612, 648, 652, 655, 703, 727; V, 71, 78, 
Abietene, VI, 279 79, 237, 309, 403, 469, 470, 474: VI, 18, 
Abietic acid, I, 37, 63; IV, 149; V, 246 27, 31, 34, 39, 52, 74, 140, 146, 175, 189, 
Absinthe, essence d’, V, 487 212, 271, 329, 336, 338, 352 
Absinthin, V, 488 —b.p. (Table), I, 
Absinthol, III, 717 Acetic ie erp ate p. ° (Table), I, 387 


Absolute flower pha a (see also | Acetic ether, see Ethyl acetate 
aoe flower ovis), I, 196, 199, 211, | Acetins as adulterants, I, 338 
217 Acetoacetic acid, I, 5A, 55 
Absolutes of chassts (see also individual | Acetone (dimethyl ketone), I, 53 ff, 62; IT, 


oils), I, 197 170, 176, 259, 332, 341 578, 382 384, 

Absolutes of ionfewrage (see also individual 403, 458, 480; III, 520, 620; IV, 43 

flower oils) V,; 309 474; V1, 18, 161, 235 
Absynthole, V, 494 —b.p. (Table), I, 
Acacia cavenia, V, 227, 228, 231, 282 Acétone antsique, V, 375 
Acacia dealbata, V, 284 Acetophenone (acetylbenzene; a 
Acacia decurrens var. dealbata, V, 284 methyl phenyl] ketone), IT, 474; VI 
Acacia farnesiana, V, 227, 232 50, 51, 96, 98 
Acacia floribunda, V, 234, 235 —b.p. (Table), I, 396 
Acacia flower oil—production (see also in- | Acetovanillone, VI, 96 

dividual Acacia species), I, 188 Acetoveratrone, V1, 96, 98 

411 
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p-Acetylanisole, see p-Methoxyacetophenone 

Acetylation for assay of alcohols, I, 271 ff 

Acetylation flask (Diag.), I, 273 

Acetylbenzene, see Re ass 

Acetyl] chloride-dimethy] aniline method, I, 
277 

Acetyleugenol, see Eugenol acetate 

2-Acetyl-1-isopropylcyclopropanecarboxylic 
acid, II, 441 

1-Acetyl-2-methoxy-4-allylbenzene, II, 518 

ga eee methyl hexyl ketone—b.p. (Table), 


saerek see o-Hydroxyacetophenone 
p-Acetyltoluene, see p-Methylacetophenone 
Achillea millefolium V, Ned 
Achillea moschata, V, 42 
Acid azides, IT, 774, ‘so7 
Acid chlorides, IT, 828 
Acid number, I, 264; II, 827 
Acids (see also individual acids), II, 657 
enon I, 263; (sugg. add. Lit.), 
, 300 
—molecular weights (Table), I, 264 
—removal from oils, I, 46 
aliphatic, II, 560 
dibasic, Il, 592 
hydroxy, Il, 593 
saturated, Il, 560 
unsaturated, II, 683 
aromatic, II, 696 
fatty, II, 559 
miscellaneous, II, 606 
of doubtful constitution, II, 612 
Acorone, VI, 116 
Acoroxide, VI, 116 
Acorus calamus, VI, 109 
Acyl] chlorides, II, 792, 828, 829 
Acyl hydrazine, I, 811, 813 
Adulteration of essential oils (see also in- 
dividual essential oils), I, 331, 338, 344 
Adulteration of flower oils ‘(see also indi- 
vidual flower oils), I, 217 
Aeration of essential oils, I, 232 ff 
Aframomum angustifolium, V, 108 
Aframomum melegueta, V, 104 
Agropyrene, II, 16 
Ajedrea, aceite esencial de, III, 739 
Ajenjo, aceite esencial, V, 487 
Ajowan oil, IV, 561 
Ajowan seed—distillation, I, 159, 162 ff 
Akar wangi, IV, 156, 159° 
Aka-todo-matsu, VI, 217 
a ae II, 691, 692 
Alaniél, V 
Alantolactone (helenine), II, 691, 767; V, 


Albahaca, aceite esencial de, III, 399 

Albedo, III, 6 

Albicaulene, VI, 282 

Alcanfor, aceite esencial, IV, 256 

Alcaravea, aceite esencial, IV, 573 

Alcohol, ethyl—see Ethyl alcohol 
methyl—see Methy] alcohol 
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Alcohols (see also individual alcohols), II, 
189, 754 
—acetylation, I, 271 ff 
—dehydration, il, 791 
Be acerca L, 271 ff; (sugg. add. 
al 
ieee weights (Table), I, 274 
—separation from oils, I, 
acyclic, I, 23 
aliphatic, II, 141 
saturated, II, 141 
terpene, II, 166 
unsaturated, II, 168 
aromatic, II, 290 
miscellaneous, II, 299 
primary—determination, I, 275 
sa tte a II, 258, 766, 760 
iphatic, II, 258 
bicyclic, IT, 268, 766 
monocyclic, IT, 261, 756 
of doubtful composition, II, 281 
tricyclic, II, 280, 769 
terpene, II, 76 
bicyclic, II, 229 
cyclic, IT 1 84 
monocy clic tL, oo 
trievolie: Il, 26 
bares ication I, 276 
Alcohol-water mixtures (Table), I, 321 ff 
Alcoholysis, II, 793, 831 
Aldehydes (see also individual aldehydes), IT, 
303, 804 
=o aon, I, 47, 252, 279 ff, 287; 
ugg aee L 354 
—molecular eae ts '(Table), I, 288 ff 
—solubility test, I, 252 
acyclic, I, 23 
aliphatic, II, 805 
saturated, II, 307 
terpene, II, 326 
unsaturated, II, $18 
aromatic, II, 360 
heterocyclic, II, 367 
terpene, cyclic, II, 342 
Aldol condensation, II, 804 
Aldoximes, II, 810 
Alkali salts, I, 827 
Alkali xanthates, II, 802 
2-Alkyl-(5, 6)-benzocinchoninic acid, II, 806 
2-Alkyl-(5,6)- benzoquinoline-4-carboxylic 
aci , 806 
sai for ‘aryl)-6-napthocinchoninic acid, 


or Alkyl (or aryl)-8-naphthoquinoline, II, 


Allepp? 
en fyiulayaly sulfide), II, 733; 


Allin, " L. i, 6s 
Alliinase, VI, 68 
Allium cepa, VI, 70 
Allium sativum VI, 67 
Allophanates, Il, 801 


INDEX, VOLUMES I-VI 


ice, oil, IV, 370 

Allylaldehyde, II, 807 

Allylanisole, see Methyl chavicol 

Allyl cyanide (crotonic acid nitrile; vinyl 
acetonitrile), II, 723, 734, 736; VI, 56, 
57, 58, 59, 60 

4-Allyl-5,6-dimethoxy-1,2-methylenedioxy- 
benzene, see Dillapiole 

Allyl disulfide oxide, VI, 69 

4-Allylguaiacol, see Eugenol 

Allyl isothiocyanate (allyl mustard oil; iso- 
thiocyanallyl; ‘‘mustard oil’’), I, 18; IT, 
a, 734; VI, 55, 56, 57, 58, 59, 60, 63, 


—b.p. (Table), I, 389 
—determination, I, 303 ff; (sugg. add. 
Int.), I, 359 
Allyl mustard oil, see Allyl isothiocyanate 
p-Allylphenol, see Chavicol 
Allylphenylacetic acid—b.p. (Table), I, 405 
Allylpropyl disulfide, II, 731; VI, 69 
Allylpyrocatechol (1,2-dihydroxy-4-allyl- 
benzene; hydroxychavicol), II, 613, 
528; V, 161 
Allylpyrocatecholmethylene ether, see Saf- 
role 
Allyl sulfenic acid, VI, 68 
Allyl sulfides, I, 18; VI, 67 
Allylsulfinyl-allyl sulfide, see Allicin 
Allyltetramethoxybenzene (1l-allyl-2,3,4,5- 
tetramethoxybenzene; 1,2,3,6-tetra- 
methoxy-tallylbenzene) II, 641; IV, 
9 


6 
1-Ally]-2,3,4,5-tetramethoxybenzene, see Al- 
yltetramethoxy benzene 
Allylthiocyanate, Il, 734; VI, 56, 71 
Allylthiourea, II, 735 
Allylthiourethane, II, 736 
Allyltrimethoxybenzene, II, 540 
4-Allylveratrole, see Methyleugenol 
Almendras amargas, aceite esencial, V, 
Almond (bitter) oil, V, 48 
—adulteration, V, 62 
—chemical composition, V, 63 
—distillation, V, 49 
—physicochemical properties, V, 50 


use, V, 54 
pee bitter—distillation, I, 111, 1183, 


Aloysia citriodora, VI, 37 

Alpinia alleghas, V, 105 

Alpinia galanga, V, 129 

Almnia officinarum, V, 187 

Amandes améres, essence d’, V, 48 

Amaryllidaceae oils, V, 341 

Ambergris, VI, 48 

Ambrette seed oil, VI, 1738 

Ambrettolic acid (16-hydroxy-7-hexade- 
cenoic acid), II, 695, 689; VI, 175 

Ambrettolide (lactone of 16-hydroxy-7-hexa- 
eee acid), II, 595, 662, 689; VI, 


Ambrosia elatior (ragweed), III, 604 


Google 
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Amides, IT, 828 

Amino acids—degradation in plants, I, 55 

a-Amino acrylic acid, VI, 68 

p-Aminobenzoic acid, II, 733 

o-Aminobenzoic acid methyl ether, see 
Methy! anthranilate 

Amino compounds, II, 725, 833 

a-Aminoguanidine, II, 811, 813 

Aminolysis, II, 831 

Ammonia, II, 721, 804; VI, 68, 161 

Ammonolysis, II, 

Amomis caryophyllata grisea, IV, 379 

Amomum angustifolium, V, 103 

Amomum aromaticum, V, 103 

Amomum cardamom, V, 101 

Amomum globosum, V, 102 

Amomum hirsutum, V, 446 

Amomum korarima, V, 103 

Amomum melegueta, V, 104, 105 

Amphilophis intermedia, IV, 149 

Amphilophis odorata, IV, 161 

Amygdalin, I, 111; V, 48, 49 

Amy] acetate, IV, 520 

n-Amy! alcohol (1-pentanol), II, 146; III, 
427, 463, 538, 616, 672, 755 

n-Amy] butyrate—b.p. (Table), I, 393 

Amyl ether—b.p. (Table), I, 391 

Amy] ethyl] carbinol, see 3-Octanol 

Amyl ethyl ketone, see Ethyl n-amyl ke- 
tone 

Amyl eudesmate, IV, 504 

Amy] isobutyrate—b.p. (Table), I, 391 

n-Amylmethylcarbinol, see 2-Heptanol 

n-Amyl methyl ketone (methyl n-amyl ke- 
tone), II, 376; III, 384; IV, 227, 433, 
434, 436; VI, 121 

Amy] nitrite, II, 782 

Amy| phenylacetate, IV, 504 

Amy]l propionate—b.p. (Table), I, 390 

Amy] salicylate—b.p. (Table), I, 406 

L-n-Amylvinylcarbinol, see 1-Octen-3-ol 

Amy] vinyl carbinol acetate, III, 467 

§-Amyrin, I, 38 

Amyris balsamifera, III, 885 

Amyrol, II, 756; III, 390 

Amyrolin, ITI, 391 

Anabsinthin, V, 488 

Anacardtaceae oils, V, 168 

Analysis of essential oils, I, 229 ff; (sugg. add. 
Lat.), I, 363 

Anatherum zizanioides, IV, 156 

Androl, II, 165; IV, 668; VI, 234 

Andronaco sfumatrice, IIT, 17 

Andropogon aciculatus, IV, 148 

Andropogon caesius, [V, 134 

Andropogon citratus, IV, 23 

Andropogon clandestinus, IV, 189 

Andropogon coloratus, IV, 189 

Andropogon connatus, IV, 148 

Andropogon exaltatus, IV, 141 

Andropogon flexuosus, IV, 23 

Andropogon fragrans, IV, 149 

Andropogon intermedius, IV, 149 
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A intermeds : , LV, 
seal Pi + us var. punctatus 


Andropogon twarancusa, IV, 148 
Andropogon iwarancusa proximus, IV, 144 
pial aa kuntzeanus var. foveolata, IV, 


Andropogon martini, IV, 8, 149 
Aetrepooe martini var. motia, IV, 3, 6, 18, 
1 


Andropogon martini var. sofia, IV, 3, 18, 149 

Andropogon muricatus, IV, 156 

Andropogon nardoides 8 minor, IV, 148 

Andropogon nardus var. ceriferus, iv, 23 

Andropogon nardus ceylon, 1V, 67 

Andropogon nardus var. coloratus, IV, 189 

Andropogon nardus var. fleruosus, IV, 23 

Andropogon nardus java, IV, 67, 88 

Andropogon odoratus, IV, 161 

Andropogon polyneuros, lv, 148 

IV, 144 

Andropogon proximus, IV, 144 

Andropogon schoenanthus, IV, 1388 __ 

Andipowen schoenanthus var. caestus, IV, 
1 


Andropogon schoenanthus subspec. clandes- 
tinus, IV, 189 

seiaeh ae schoenanthus subspec. nervatus, 
IV, 152 


sah schoenanthus var. versicolor, IV, 
1 


Andropogon versicolor, IV, 148 

Androstenol (a-A'*-androsten-3-ol; 6-A!*-an- 
drosten-3-ol), II, 300 

Aneth, essence d’, IV, 619 

Anethole (anise camphor; p-methoxypro- 
penylbenzene; p-propen le), I, 
160; II, 358, 507, 508; III, 373, 432; 
IV, 568, 569, 642, 643, 644; V, 361, 367, 
368, 373, 376, 379; VI, 299 

—b.p. (Table), 1, 403 

Anethole glycol, II, 511; III, 384 

Anethole glycol ethers, iI, 511 

Anethum graveolens, IV, 619, 624, 633 

Anethum sowa, IV, 624, 631, 688 

Angelica, IV, 6 ge es 

Angelica acid, see Angelic acid 

Angelica archangelica, IV, 558 

Angelica sell i bec IV, 553, 558 

Angelic acid (angelica acid; trans-a,6-di- 
methylacrylic acid; trans-a-methylcro- 
tonic acid), II, 684, 585; V, 436, 437 

Angelica glabra, IV, 563 

Angelica levisticum, IV, 649 

Angelica oil, IV, 653, 651, 655 

Angelica root—distillation, I, 110, 153, 159 

Angelica root oil, IV, 555 

Angelica seed oil, IV, 560 ; 

Angelicin (furano-4’,5’,7,8-coumarin; furo- 
4',5',7,8-coumarin), II, 660, 662, 686; 

5 


? 
Angustione, II, 484, 485 
ra bark oil, III, $68 
ydrides, II, 618, 833 


Google 
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Aniba parviflora, IV, 187 

Aniba rosaeodora, IV, 188 

ane rosaeodora var. amazonica, IV, 184, 

87 
Anilides, II, 829 
Aniline, II, 829 
—b.p. (Table), I, 398 

p-Anisaldehyde (anisic aldehyde; “aubé- 
pine’; p-methoxybenzaldehyde), II, 
368, 509, 510, 511, 513, 807; III, 373; 
IV, 643; V, 280, 233, 236, 368, 376; VI, 


9 
—b.p. (Table), I, 403 
Anise—cultivation, IV, 564 
—distillation, IV, 566 
Anise camphor, see Anethole 
Anise oil, IV, 563 
aa seed—distillation, I, 159, 162 ff; IV, 
66 
Anise seed oil, IV, 568, 583 
p-Anisic acid (p-methoxybenzoic acid), II, 
358, 359, 360, 479, 480, 507, 509, 510, 
S11, 600; III, 384; IV, 643; V, 237, 368, 


Anisic aldehyde, see p-Anisaldehyde 

Anisketone, see p-Methoxyphenylacetone 

Anisoin, II, 510 

Anisole—b.p. (Table), I, 389 

Anisoxide, V, 375 

Anisylisocyanate, II, 799 

p-Anisyl methyl ketone, see p-Methoxyace- 
tophenone 

p-Anol, II, 512 

p-Anol preny] ether, see Feniculin 

Anonaceae oils, V, 26. 

Ansérine vermifuge, essence d’, VI, 151 

Anthelmintic effect of essential oils, I, 81 

Anthemene, V, 437 

Anthemis nobdilis, V, 488, 438 

Anthemol, V, 437 

Anthocyans, I, 44 

Anthracnose, III, 587, 597, 605 

Anthranilates, I, 19, 302 

Anthranilic acid methyl ester, see Methyl 
anthranilate 

Anthraquinone, II, 790 

Antimonous acid, II, 794 

Antimony trichloride, II, 781, 780 

Antimony trihalides, II, 790 

Antiseptic effect of essential oils, I, 82 

Ao-todo-matsu, VI, 217 

Ajo, aceite esencial, IV, 591 

Apiolaldehyde, II, 538 

Apiole (1,2-methylenedioxy-3,6-dimethoxy- 
4-allylbenzene; parsley camphor), II, 
587; IV, 658, 659; V, 159 

Apiolic acid, II, 538 

Apium graveolens, IV, 591 

Apium petroselinum, IV, 656 

Aplotaxene, V, 449 

ybsiryatee ead yy 446 

plotaxis lap 
Apple cider, 1 60 


INDEX, VOLUMES I-VI 


Apple Jack, IV, 450, 458, 459 

Apricot kernels —distillation, I, 111, 147 

Araceae oils, VI, 107 

Araliene, Il, 760 

Araucaria cookit, VI, 321 

Araucaria oil, VI, 821 

Arborvitae, eastern, VI, 325 

false, VI, 828 

Archangelica officinalis, IV, 558 

Areca catechu, V, 160 

Aristolochiaceae oils, VI, 148 

Aristolochia reticulata, VI, 145 fn. 

Aristolochia serpentaria, VI, 145 fn. 

Armoracia lapathifolia, VI, 68 

Arnica flowers—distillation, I, 159 

Arnica montana, V, 426 

Arnica oil, V, 426 

Arnica root—distillation, I, 159 

Aromadendral, IV, 454 

Aromadendrene, I, 110, 129, 774; IV, 487, 

, 506, 507, ‘508, 511, 512, 514, 517, 

520, 522, 523, 534 

Aromadendrene glycol, II, 111 

Aromatic waters—history, I, 3 

Arsenous acid, II, 794 

Arsenous ee II, 794 

Artanthe elongata, V 167 

Artemisal (methacrolein), II, $18; V, 429 
430 

Artemisia absinthium, I, 71; V, 487 

Artemisia cina, V, 485 

Artemisia dracunculus, V, 459 

Artemisia ketone (2, 5 5,5 trimetby, 6-hepta- 
dien-4-one), I, 

Artemisia maritima, J 485 

Artemisia pallens, V, 451 

Artemisia pontica, V, 487 

Artemisia tridentata V, 438 

Artemisia vulgaris, V, J 480 

Artemisol, II, 754; V, 430 

Artemisol acetate, V,; i 

Arundo indica odorata, IV, 67 

Ary! p-bromobenzene sulfonates, II, 825 

Aryl ox eee acid, IT, 825 

Ary] sulfonic acid, iI, 7 788 

Asafoetida oil, IV, 570 

Asantol, IV, 570 

Asaresinotannol, IV, 571 

Asaronaldehyde (asarylaldeh de; 2,4 as 
methoxybenzaldehyde), II, $66, 
VI, 114, 115, 148 

Asarone (1 2 /5-trimethoxy 4. Ie TY Bae, nylben- 
zene), II, 635; I , 159; 

pee 114, 115, a7’ Site 
onic aci 536 

Asarum canadense, Vi, 146 

Asarum europaeum, VI, 147 

Asarylaldehyde, see Asaronaldehyde 

Ascaridole (2-p-menthene-1,4-dioxide; 1- 
methy]-4-isopropyl-2- cyclohexene-1, 
dioxide; 1,4- roxido-2-p-menthene), I, 

82; 11, 716; VI, , 151, 153, 154, 157, 158, 
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ee I, 298 ff; (eugg. 
add. Ixt.), I, 360 

Ascaridole asl II, 716; VI, 161 

Ascaridole glycol anhydride iI, 716 

Aschan method, I, 301; 

Ase fétide, essence d’ IV, 570 

Aspic, essence a’, il, 504 

At ntone, IT, is VI, 237 

a-Atlantone, V, 122: VI, 236, 237 

y-Atlantone, Vv, 122: VI. 236, Ht 

Atomic refractions (Table), I, 

Atractylol, II, 755 

Atranol, VI, 186, 188 

Atranorin, VI, 184, 186, 187, 188 

Atr-i-Jehdngiri, V 

Attar of rose, V, 10 

Aubépine, see p-Anisaldehyde 

Aucklandia costus, V, 448 

Audibertia incana TI, 788 

Audibertia nivea, {II, 711 

Aunée, essence de racine ad’, V, 458 

Aurade, IIT, 242 

Aurantine, VI, 279 

Auraptene (meranzin), IT, 659, 672; III, 126, 
173, 175, 188, 201 

Auraptene hydrate, II, 674 

cis-Auraptenic acid, Il, 673 

Australol, see p-Isopropylphenol 

Ausu, IV, 379 

Avena pellatrice, III, 24 

Avena sfumatrice, III, 18 

Ayapanin, see Umbelliferone y meeny ether 

Aydendron # eahdelogh nea 187 

Azelaic aci nine (Table), I, 409 

Azones, II, 817 

Azulenes, I, 31, 33 ff; II, 127, 128, 268, 279, 
281, 457, 762, 739, "790; III, 328, 384, 
574; IV, 581; V, 470, 472, 474, 475; VI 
115, 146, 209, 250 


Bactericidal effect of essential oils, I, 81 
Badanifera anisata, V, 361 
Badiane, essence de, V, 861 
Badianic acid, V, 373 
Baeckeol (2- -hydroxy-4, 6-dimethoxy-3- 
methyl-isobutyrophenone), II, 546 
Baldrianél, V1, 23 
Balm of Gilead tree, VI, 231 
Balm oil, III, 8396 
Balsam, Canada, VI, or 233 
Oregon, oil, Vi, 212 
‘Balsam coast, se V, 213 
Balsam copaiba, V, 208 
—adulteration, V, 208 
—chemical composition, V, 208 
ae yaaa properties, V, 206 


V, 211 
“Bast Indian, ” V, 259 
Balsam copaiba oil, V, 208, 209 
—chemical composition, 'V, 209 
Paya co hemics! properties, V, 209 
—use, V 
African, V, 211 
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Balsam fir, VI, 212, 231 

Balsam Honduras, V, 249 

Balsam Maracaibo, V, 204 

Balsamo copaiba, aceite esencial, V, 208 

Balsam Paré, V, 204 

Balsam Peru, V, 212 
—botanical origin, V, 213 
—chemical composition, V, 217 
—physicochemical properties, V, 215 
—production, V, 214 
—resinoid, V, 219 
—use, V, 220 
white, V, 249 

Balsam Peru oil, V, 212 
—chemical composition, V, 218 
—physicochemical properties, V, 217 
—use, V, 220 

Balsams—rosin in, I, 334 

Balsams—sampling, L 234 

Balsam Tolu, V, 220 
—distillation, V, 222 
—physicochemical properties, V, 221 
—resinoid, V, 224 


—use, V, 224 
Balsam Tolu oil, V, 220 
—chemical composition, V, 223 
—physicochemical properties, V, 223 
—use, V, 22 
Balsam tree, VI, 231 
Baltimore oil, VI, 151 
Barbatinic acid, VI, 184, 185 
Bark material—distillation, I, 145, 149 
Baros camphor, V, 262 
Barosma betulina, TIT, 868 
Barosma crenulaia, III, 368 
Barosma serratifolia, III, 868 
Barton, B. S., I, 9 
Basilic, essence de, ITI, 399 
Basilicumél, ITI, 399 
Basil oil (camphor type), III, 419 
Basil oil (eugenol type), III, 400, 413 
Basil oil (methyl cinnamate type), III, 400, 


410 

Basil oil (Réunion type), ITI, 399, 402, 407 

ciate Haiti (methyl cinnamate type), 
12 


Basil (Réunion vie) owen, III, 408 
Basil (sweet )—cultivation, ITI, 401, 404 
Basil (sweet) oil, III, 399 
American, IIT, 408 
European, III, 399, 400, 412 
French, Ill 400 
Baskets in stills, I, 129 
Bastardoni lemons and lemon oil, ITI, 90, 93 
Batteuses, I, 195 ff 
Baumé, A., lL, 7 
Baume de copahu, essence de, V, 208 
Baume de Pérou, essence de, V, 212 
Baume de Pérou brun, V, 225 
Baume de Pérou rouge en coques, V, 225 
Baume de Tolu, essence de, V, 220 
Bay, sweet, IV, 204, 379 
Bayas de Enebro, aceite esencial, VI, 370 


Google 


INDEX, VOLUMES I-VI 


Bay berry, IV, 379 

Bay laurel, IV, 378 

Bay laurel oil, California, IV, 207 

Bay leaves—distillation, I, 159 

Bay oil, IV, 378 
—adulteration, IV, 892 
—chemical composition, IV, 393 
—physicochemical properties, IV, 390 
—use, IV, 396 
Dominica, IV, 389 
Puerto Rico, iv, 880 
terpeneless—phenols i in, I, 293 

Bay rane se ta 1V,: 895 

Bay rum tree, false, I , 379 

Bay tree—botany, iv 878 

Bay tree, West Indian, IV, 204 

Beckman apparatus, L 254 

Beckmann mixture, II, 775 

Beilstein test, I, 308 

Benihinol, II, 754 

Benihiol (d-dihydromyrtenol), I, 63, 73; II, 

7 


Bennett-Cusmano process of citrus oil ex- 
pression, III, 31, 33, 34 
Bennett processes of citrus oil extraction, 
IIT, 31, 35 
Benzaldehyde, II, 291, 357, 355, 721, 808; 
III, 213, 256, 258, 384, 550, 573, 618; 
IV, 112, 202, 228, 233, 238. 255, 524. 
587, 538, 539, 547; V, 44, 49, 50, 51, 52, 
55, 56, 230, 233, 309, 336, 350, 380; 
vi 51, 73, 96, 295 
—b.p. (Table), I, 393 
Benzaldehyde cyanohydrin, V, 50, 53 
Benzazides, substituted, II, 800 
1-Benzazole, see Indole 
Benzene—b. p.(Table), I, 383 
—as solvent in extraction, I, 203 
Benzene sulfonyl chloride, II, 825 
Benzoates—preparation, II, 796 
Benzoic acid, II, 290, 291, 292, 293, 351, 354, 
355, 475, 596, 636, 639; TIL, 241 243, 
468, 469; IV, 112, 171, 255, 652; V, 53, 
217,222, 224, 231, 309, 336, 350; VI, 
—b.p. (Table), I, 403 
Benzoic acid benzyl ester, see Benzyl ben- 
zoate 
Benzoic acid ethyl ester, see Ethyl benzoate 
Benzoic oo methyl ester, see Methyl ben- 
zO8 
Benzoic eahy ride, II, 794 
Benzoic hair: II, 796 
Benzoin, V, 5 
Perecne es a (Table), I, 408 
eae rlcuen see Indole 
Benzoylation, ITI, 796 
Benzoyl] chlorides, II, 796 
Bensylacetaldehyde, see ti drocnnnsanide: 


Bensyl acetate, II, 685; V, 308, 328, 330, 
—b.p. (Table), I, 398 
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Benzyl alcohol (phenylcarbinol), IT, 290, 635, 
639, 649, 792; III, 256; IV, 435; V, 56, 
230, 231, 233, 308, 310, 334, 335, 347, 
350, 380, 395, 397; VI, 72, 73, 95 

=P (Table), I, 397 
Benzylamine, II, 830, 832 
Benzyl! benzoate (benzoic acid benzyl ester), 
I, 639; IV, 234; V, 218, 222, 303, 309, 
335, 347, 352, 413; VI, 72, 73 
Pe (Table), I, 408 

Benzylcarbinol, see Phenylethy! alcohol 

Benzyl cinnamate (cinnamic acid gers 
ester), II, 649; VY, 218, 222, 223, 247, 
248 


Benzyl cyanide (phenacetonitrile; phenyl- 
acetic acid nitrile), II, 723; III, 255, 258 
Benzyl ethyl ether—b.p. (Table), I, 394 
Benzyl-2-furylacetylene, see Carlina oxide 
aa isothiocyanate (benzyl mustard oil), 
, 740 


Benzyl isothiourea hydrochloride, II, 798, 
829 
Benzyl mustard oil, see Benzyl isothiocya- 


nate 
1-Benzyl-1-phenylhydrazine, II, 813 
Benzy] salicylate, V, 309, 413 
S-Benzylthiuronium chloride, II, 797, 798, 
829 
S-Benzylthiuronium derivatives, II, 797 
Bergamot—cultivation, III, 274 
Bergamot, wild, oil, III, 527 
Bergamot camphor, see Bergaptene 
Bergamot leaf oil, III, 282 
Bergamot machine (Calabrese), III, 22 
Bergamot mint oil, III, 685 
Bergamot oil, III, 260 
—adulteration, III, 269 
—chemical composition, III, 271 
—expression, III, 266 
—physicochemical properties, III, 267 
—in plant, I, 72 
—terpinyl! acetate in, I, 336 
Brazilian, ITI, 281 
Mexican, ITI, 281 
synthetic, IV, 319 
terpeneless, III, 274 
Bergamottin (bergaptol geranyl ether), II, 
676, 685; III, 273, 274 
Bergaptene (bergamot camphor; heraclin; 
5-methoxyfurano-2’,3’,6,7-coumarin; 5- 
methoxypsoralene), II, 660, 662, 666, 
673, 679, 680, 685; III, 273, 274; IV, 
562, 653 
Bergaptin, II, 685; III, 273 (footnote) 
Bergaptol (5-hydroxyfurano-2’,3’,6,7-cou- 
marin; 5-hydroxypsoralene), i, 660, 
678, 685, 686; III, 273, 274, 325, 333 
Bergaptol geranyl ether, see Bergamottin 
Bergaptol isoamylene ether, see Isoimpera- 


torin 
Berthelot, M., I, 8 
Bertram-Walbaum mixture, II, 777 


Betel oil, V, 160 
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Betel phenol, see Chavibetol 
Betula alba, III, 374; VI, 16 
Betula brea, aceite esencial, VI, 17 
Betulaceae oils, VI, 9 

Betula dulce, aceite esencial, VI, 11 
Betula lenta, VI, 5, 11 

Betula papyrifera, VI, 16 

Betula pendula, VI, 16, 17 

Betula pubescens, VI, 16 
Betulene, II, 264, 750; VI, 16 
Betulenene, II, 264, 750; VI, 16 
Betulenenol, II, 264, 750 
Betulenolic acid, II, 264 
Betulenols, II, 264; VI, 17 
Betulin, I, 38; VI, 20 

Betulol, II, 264; VI, 17 

Biacetyl, see Diacetyl 

oe lemons and lemon oil, III, 90, 


Bidwell-Sterling method, I, 323 
Bigelow, J., I, 9 
Bindheim, J. J., I, 7 
Birch, black, VI, 11 
cherry, VI, 11 
white, VI, 16 
Birch buds oil, VI, 16 
Birch (sweet) oil, VI, 5, 11 
—adulteration, I, 331; VI, 15 
—chemical composition, VI, 15 
—history, I, 9 
——physicochemical properties, VI, 14 
—use, VI, 16 
Birch tar oil, VI, 17 
Birkendl, VI, 18 
Birkenrindendl, VI, 11 
Birkenteerél, VI, 17 
Birkentheer, VI, 18 
Birkenwasser, VI, 16 
Bisabol, III, 256 
Bisabolene (limene), I, 30 ff, 51; II, 84, 88, 
96, 449, 775, 778; III, 87, 106, 194, 272, 
274, 325, 328, 470, 503, 548, 560; IV 
304; 312, 351, 589; V, 190, 375; VI, 216 
Bisabol-myrrh oil, IV, 349 
Bisabolol, III, 227, 469; V, 226, 227 
1,1’-Bismenthone, II, 397 
Bisulfite method, I, 279 ff 
Bitter almonds—see Almonds, Bitter 
Bittermandelél, V, 48 
Bitter orange oil, see Orange (bitter) oil 
Blumea balsamifera, V, 431 
Blumea lacera, V, 433 
Bode grass, IV, 132 
Boerhave, H., I,7 
Bohnenkrautol, U1, 789 
Boiling point, II, 1 
Boiling point—definition, I, 90 ff 
Boiling points of isolates and synthetics 
(Tables), I, 379 
Boiling range of essential oils, I, 95, 256 
—sesquiterpenes, I, 220 
—terpenes, I, 2 
Bois chandelle, 111, 385 
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Bois de rose eer IV, 187 
Cayenne, Iv 
Bois de rose femelle, IV, 183 
Bois de rose male, IV, 183 
Bois de rose oe IV, 188, 280 
Brazil, IV, 1 
Cayenne, V1 188 
Bois de santal des Indes Occidentales, essence 
de, III, 385 
Bois d’Inde wee IV, 395 
Bombiccite, I, 38 
Borates—pre pen II, 793 
Boric acid, II, 793, 7' 
Boric anhydride, 1 am 
Boric esters, II, 7 
Borneo-caphs ¢d-borneol), II, 239, 429; 


Borneocamphor oil, V, 261 
Borneol (borny] alcohol; 2-camphanol; 2-hy- 
droxycamphane), I, 63 ff, 82; IT, 49, 55, 
66, 67, 69, 77, 79, 230, 238, 239 , 246, 
247, 429, 430, 432, 434, 627, 628, 777, 
790; III, 326, 424, 463, 465, 468, 500, 
501, 502, 511, 514, 515, 518, 547, 709, 
715, 717, 743, 756, 762; iv, 80, 135, 140, 
142, 151, 233, 304, 308, 318, 319, 355, 
356, 516, 559, 612, 706; V,; 77, 78, 98, 
101, 117, 122, 126, 131, 159, 187, 262, 
263, 426, 432, "466, ‘ATA, 484; VI, 26, 27, 
39, 52, 146, 189, 205, 206, 208, 210, 211, 
216, 220, 226, 230, 231, 242, 246, 250, 
252, 295, 298, 299, 308, 325, 329, 338, 
343, 344, 348, 350, 352, 865 
—pb.p. (Table), 1, 398 
Borneol esters, II, 430 
Borneol ether, VI, 28 
Borneol-isoborneol series, IT, 239 
Borneol oxide, VI, 28 
Bornyl acetate, ii, 2 240, 242, 561, 688; III, 
65, 514, 539, 709; V, "426, ” 467, 474: 
VI, 27, 31, 147, 202, 205, 206, 207, 208, 
209, 210, 211, 215, 216, 217, 219, 220, 
221, 225, 226, 227, 228, 229, 231, 232, 
234, 241, 242, 244. 246, 250, 252, 277, 
289, 325, 343 348, 351 
bp. ' (Table), 1, 400 
Borny tae see Borneol 
Bornylane, I, 98 
paki CE a 27 
gee I, 403 
Borny a bao VI, an 
Bornyl ch oride, IT, 66 
aa ge II, 77, 78, Ta; Ill, 272, 274; 


Bornyi ethyl ether—b.p. (Table), I, 397 

Borny] formate, IJ, 627; VI, 27 

Borny] isovalerate ’(bornyval), II, 631; VI, 
5, 27, 28, 31 

Bornyl nonylate, VI, 348 

Bornyl propionate, VI, 244 

Bornyval, see Bornyl isovalerate 

Boronia flower oil, III, 364 

Boronia megastigma, Tit, 864 
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Borovitka, VI, 374 

Boswellia cartertt aa? S52 
Boswellic acid, I 

Botha grass oil, iv 188, 147 
Bouleau, essence d’ Ecorce de, VI, 11 
Boulez method, I, 276 
Bourbonal, II, 364 

Brassica alba, VI, 61 

Brassica juncea, VI, 55, 60, 61 
Brassica napus, 

Brassica nigra, VI, "66, 61 
Brevifolin, IT, 543° 

Brinjevec, VI, 374 
Bromides—preparation, II, 824 
Bromination, IT, 


Bromine, II, 730 
Bromine err pes ca II, 823 
p-Bromoanilides, I 829° 


Bromobenzazide, Mt 800, 825 
romobenzhydrazides, II, 814 
Bromobenzoylazide, II, 800, 826 
p Brome aay) isothiourea, hydrobromide, 
, 829 


ia pseudothiuronium bromide, 


Bromo-camphor, IV, 316 

1- Bromo-2-naphthylamine, II, 830 
Bromonorpinic acid, II, 78 
p-Bromophenacyl bromide, II, 828 

pe promopnenesy: esters—preparation, II, 


ee ae hydrochloride, II, 


o-Bromo-p-toluidin 

1,2-Bromstyrol are p. Table), I, 399 

Broom, Spanis 

Broom, eavers, V, 237 

Brown Automatic Citrus Fruit Juice Ex- 
tractor, III, 48, 56 

Brucine salts, I Il, 734 

Brunschwig, H., I 

Bucco, essence se fewilles de, IIT, 368 

Buchucamphor, see Diosphenol 

Buchu leaf oil, TI, 868 

Buddah, V, 192 

Bulgarska-rosa, V, 10 

Bulnesia sarmientt, V, 197 

Bulnesol, II, 756; V 199 

Bupleurol (2-methy{-6-methylenoctan-8-ol), 
II, 166, 794; VI, 234 

Bursera aloexy lon IV, 831, 337, 344 

Burseraceae ails lv, 3 829 

Bursera delpechiana, IV, 331, 343, 344 

Bursera fagarotdes var. ventricosa, IV, 331 

Bursera glabrifolia, IV, 881 

Butanal, see n-Butyraldehyde 

Butanoic acid, see aa bie acid 

n-Butanol, see n-Buty! alcohol 

-Butenyl isothiocyanate (crotonyl mustard 
oil), II, 138, aa? 60 

Butterweed, V,4 

n-Butyl alcohol Ce tuiasal): II, 144, 792 
III, 672; V, 437 
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n-Butyl aloohol—b.p. (Table), I, 386 

n-Butyl angelate, V, 436 

Butyl butyrate, iv, "A71, 510, 518 

Butyl-crotonyl isothiocyanate sulfide, VI, 62 

n-Butyl dihydrophthalide, IV, 652 

n-Butylidene phthalide, I1, 609, 693; IV, 652 

n-Buty] isobutyrate, V, 436 

Butyl isothiocyanate, e-secondary (second- 
ary butyl mustard oil), II, 7387 

n-Butyl mercaptan, I, 18 ff; II, 732 

Buty] mustard oil, eeconday, see Buty] iso- 
thiocyanate condary 

aButyl phthalide, If 1, “692, 695; IV, 652 

Butylpropenyldisulfid e, I IV, 572 572 

aes haar secondary, I, 18; 


n-Butyl tetrahydrophthalide, IV, 652 

i hte de (butanal; butyric alde- 
hyde), II, 144, 305, $10; III, 466, 529; 
IV, 484, 508 

n-Butyric acid (butanoic acid), IT, 144, 310, 
559, 561, 568, 565, 572, 625; Ill, 436, 
467, 503, 520, 585, 682; IV, 135, 144, 
146, 150, 151, 589, 648, 652, 703, 727: 
V8! 79, 231, 347, 474; VI, 27, 140, 
161, 23 

—b.p. (Table), I, 390 
Butyric aldeh de, see wn Butyraldcy 
Butyric anhydride, II 


Causions oh ot fs IL 81, 82, 94, 96, 
Cadalene, I ; 
122, 124, 268, 271, 272, on 276, 
281, 748, 749, 755, 757, 776 779, 7 
III, 548, 549; V, 126, 120, 444; Vi, 
Cadalene picrate, I, 82 
Cadalene st ohnate, II, 82 
Cade oil, VI, 384, 385 
Cadinene, I, "32, 35 ff; II, 81, 87, 91, 96, 98, 
271, 272, 273, 275 282" 749, 15 3, 777, 
778, 782, 784; III, 88, 106, 344, 356, 
363, 390, is, ” 426, it, 406, 515, 547, 
617, 631; IV, 114, 142, 198, 304, 31 12, 
347, 355, 531, 581, 647; V, 129, 153, 
154, 156, 161, 210, 212, 219, 294, 275, 
309, 310, 375, 495; VI, 196, 203, 208, 
209; 210, 235, 244, 250, 252, 283. 284, 
315, 317, 336, 344. 345, 347, 348, 350, 
352, 365, 380, 382, 383, 385, 386, 389 
: (Table), 1, 408 
a-Cadinene VI, 282 
Cadinene dibydrochloride, II, 91, 92, 97, 
122, 287; V 
Cedinene : bydsoihorde, 1, 07 97 
Cadino 276 
469; V, 156, 219, 224, 310; vi, 344, 380 
352, 383, 386 
a-Cadinol, IV, 648 
g-Cadinol, IV, 648 
Eajeput o IV, 648 
ajeput oy i Cajuput oil 
Cajuput, IV 
Cajuput ‘aydtate, IV, 546 


112, 
280, 
790; 
283 
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Cajuput oil, IV, 538, 542 
Cajuputol, see 1 8-Cineole 
Ci ese machine, III, 12, 22, 265 
Calamene, II, 81, 118, 280, 776; VI, 114, 
115, 116 
Calamenene II, 283; VI, 115 
Calamenenol, i, 282: vi, 114 
Calamenol, VI, 114, 115 
Calamento, aceite eaencial de III, 434 
Calameone, II, 279; VI , 118, 116 
Calameonic acid, II, 280 
Calamint, III, 6 691 
Calamol, Tl, 540; VI, 114 
Calamone, VI, 116 
Calamonic acid, II, 540 
Calamus cam hor, VI, 115 
Calamus oil, , 109 
—chemical composition, VI, 118 
—physicochemical properties, VI, 110 
—use, VI, 117 
Calamus root—distillation, I, 110, 159 
Calcium chloride pouee producte—prepa- 
ration, II, 792 
California Fruit Growers’ Exchange, ITI, 72 
Callitris, VI, 321 
Callitrol, II, 587 
Callitropsis araucarioides, VI, $21 
Calythrone, V, 336 
Camden woollybutt, IV, 470 
Camel grass oil, IV, 183 
Camerene, II, 768 
Camomille, essence de, V, 488 
Camomille Romaine, essence de, V, 488 
Camphane, I, 28, 30; II, 79, 434 
2-Camphanol, see Borneol 
Camphazulene, IV, 304, 313 
Camphenal, IV, 316 
Camphene, I, 19, 63 ff; II, 68, 240, 246, 247, 
430, 436, 630, 174, 777, "778; Ill, 103, 
117, 196, 295, 240, 243, 256, 272, 
347, 423° 439, 463, 500, 511, 514, 518, 
655, 672, 708, 737, 750, 756; IV, 79, 
134, 135, 140, 142, 151, '237, 301, 303, 
304, 311, 356, 367, 464, 485, 569, 632, 
642, 667; V, 77, 78, 116, 117, 123, 125, 
126, 131, 263, 449: VI, 27, 31, 114, 116, 
208, 209, 211, 212, 216, 217, 220, 221, 
249, 250, 278, 280, 281, 283, 295, 296, 
317, 335, 338, 344, "380 
—b.p. (Table), 1, 390 
Camphene, chlorinated, VI, 278 
oo glycol, IT 
Camphene hydrate, 1 20, 241, 247, 776, 777 
Camphene hydrochloride, 778 
Camphenic acid, II, 69 
Camphenilol, Il, 437 
Camphenilone, II, 67, 69, 456 
Camphenylic acid, Il, 6 
a-Campholonic acid, i 58 
Camphor (see also Camphor and camphor 
oil), I, 3, 19 ff, 29, 63, 82; II, 55, 240, 
242, 243, 246, "418, 429, 430, "445; III, 
399, 407, 410, 415, 419, 420, 422, 423° 
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424, 430, 463, 500, 501, 502, 503, 512, 
514, 515, 516, 517, 518, 519, 709, 711, 
715, 717, 737; IV, 140, 197, 203, 237, 
238, 281, 292, 296, 207, 304, 307, 320, 
321, 322, "324, 327; V, 101, 123, 124, 125, 
126, 130, 159, 495, 426, 429, 430, 432, 
474, 484 ; VI, 114, 116, 160, 189, 208, 
210, 217 "278' 299’ 
—b.p. (Table), 1, 397 
etermination, I, 301 
artificial, I, 46 
Malayan, V 262 
synthetic, VI, 296 
Camphor and camphor oil, IV, 256 
—chemical composition, IV, 802, 
tables, IV, 314, 315 
—exports, IV, 317, 318, 325 
—physicochemical pro operties, IV, 300 
—qualitative assay, I 
ee assay, Vv. 299 
—use, I 
China, 1V, 319 
—chemical composition, IV, 327 
—physicochemical properties, IV, 326 
—use, IV, 328 
Formosa, IV, 279 
—fractional distillation, IV, 292 
Japan, IV, 257 
Camphor-carvone, II, 415 
Camphorene, II, 8 , 125, 126, 778, 779; IV, 
42, 304, 31 3, 316 
o-Camphorene, I, 37 
a-Camphorene tetrahydrochloride, II, 8 
Camphoric acid, II, 434, 606 
Camphor leaf oil, IV, 294 
Camphor oil (see also ‘Camphor and camphor 


oil) 
blue, IV, 278, 293, 302, 305, 306, 310, 314, 


brown, IV, 278, 290, 293, 299, 301, 305, 
307, 308, 309, 313, 318 
fractionated—physicochemical properties, 
, 801 
n, IV, 302 
ght TV, 301 
a IV, 301, 309 
uae II, 96 
sesquiterpene alcohols, II, 271 
white, IV, 278, 290, 293, 300, 301, 303, 
305, 306, 316 
yellow, IV, 303 
Camphoronic acid, II, 434 
Camphor tree—oil occurrence in IV, 294 
Camphor tree, China—botany, IV, 320 
—distillation, IV, 321; diagrams, IV, 
323, 324 
Formosa—botany, IV, 279 
—distillation, YW, 286; diagrams, IV, 
292, 293 
—yield of oil, IV, 290 
Japan—botany, IV, 260 
—cultivation and preparation, IV, 
262 


304; 
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Camphor tree, Japan—distillation, IV, 266; 
diagrams, IV, 267, 268, 269; ‘table, IV, 
ile graphs, TV, 272, 276; ‘flow sheet, 


277 
—yield of oil, IV, 274; table, IV, 275 
Canadene, VI, 209 
Cananga—botany, V, 267 
—distillation, V, 270 
—planting and cultivating, V, 269 
Kerbo, V, 268 
Teri, V, 368 
Toelen, V, 268 
Cananga odorata, V, 267, 276 
Cananga oil, V, 267 
—adulteration, V, 274 
—tchemical composition, V, 274 
—physicochemical properties, V, 272 
——rectified, V, 273 
—total total production, V, 276 


wield, V, 272 
Canangium odoratum, V, 267, 276 
Canangium odoratum forma genuina, V, 268, 
276 


Canangium odoratum forma macrophylla, V, 
268, 276 
Canarium luzonicum, IV, 857 
Canela de China, aceite esencial de, ee 241 
Canelle de Ceylan, essence de, IV, 2 
Canelle de Chine, essence de, TV, ‘eit 
Cannabidiol, I, 41 
Cannavo pellatrice, III, 23 
Cannavo sfumatrice, Ill, 18 
Cannizzaro reaction, IT, "805 
Cantueso lavender, {l, 515 
Caparrapen, II, 750 
oat by eee Il, 750 
an see n-Decylaldehyde 
ric acid (decanoic acid; n-decylic acid), 
I, 156, 316, 325, 571, 574, 575; III, 87, 
106, 126, 329, 356 384, 467 585; IV, 
43, 143, 147, 612; V, 443; VI, 94, 140; 
212, 347, 352, 
—b.p. (Table), I, 
nope aldehyde see a n-Decylaldchy de 
a eke ol 
proaldehyde pnt aldehyde; hex- 
anal; hexylaldehyde), II, 305, 306, 318; 
III, 503; V, 304, 484; VI, 242, 244, 250 
n-Caproic acid (hexanoic acid; n-hexylic 
acid), II, 148, 149, 312, 376, 569, 572, 
688; I, 384, 467, 469, 503, 529, 657, 
672, 682; IV, 150, 206, 303, 304, 305; 
VI, 237, 338, 341 
—b.p. (Table), I, 397 
Caproic aldehyde, see n-Caproaldehyde 
Caproic esters, III, 503 
n- aprylaldehy de (caprylic aldehyde; octa- 
n-octylaldehyde), II, 151, 306, $14, 
324: III, 87, 104, 156, 158, "326, 343, 
356, 466, 503; IV, ee 
n-Caprylic acid ‘(octan acid; n-octoic 
acid), II, 314, 324, 671, 572, 576; ITT, 
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, 157, 173, 366, 384, 585, 682; 
rv, ro "146, 150, 303, 305; V, 78, 79, 
123, 238, 403, 469, 470; VI, 94, 139, 140 

Caprylic aldehyde, see ’ n-Caprylaldehyde 

Caprylic esters, Ill, 185 

Capsicum, see Oleoresin capsicum 

Carane, L, 28, 

Caraway—botany, IV, 573 
—cultivation, IV, 576 
American—cultivation, IV, 578 
Dutch, IV, 576 

Caraway chaff oil, IV, 582 

Caraway oil, IV, 578, 619 
American, IV, 578 
Dutch, IV, 573 
Hungary, iv, 576 
Near East, IV, 677 
North Africa, IV, 577 

Caraway seed—comminution and distilla- 

tion, I, 106, 116, 159 ff 
—distillation, IV, 576 

Carbamates—preparation, II, 798 

Carbamic acid esters, II, 798 

Carbamylcarbamates, II, 801 

Carbamy] hydrazine, II, 811, 818 

Carbam lurethanes—preparation, II, 801 

Carbanilates, II, 799 

Carbanilide, Tl, 799 

Carbohydrates i in plants, I, 55, 65 

Carbolic acid, III, 384 

Carbon disulfide, TI, 734; VI, 59 

Carbon disulfide solubility test, I, 252 

Carboxy methylhydrazine, IT, 813 

3-Carboxy-1- methyl-pyridinium p-toluene 

sulfonate hydrazide, II, 817 

Carboxy phenylhydrazine, Il, 813 

Cardamom, Bengal, V, 103 
bitter-seeded, V;, 105 
bleached, V, 93 
Cameroon, V, 103 
Ceylon, V, 99 
cluster, V, 101 
decorticated, V, 93 

een, V, 93 
uatemala V, 95 
large round Chinese, V, 102 
long Ceylon, V, 99 
long wild, V, 85, 99 
Madagascar, Vv, 103 
Malabar—botany and cultivation, V, 
85, 87 
—distillation, V, 98 
—trade varieties V, 91 
Malabar-Ceylon, V, 85, 92, 94 
Mysore-Ceylon, V, 85, 92 
round Chinese, V, 
round Siam, V, 86 
Siam, V, 101 
winged Bengal, V, 103 

Cardamom oil, Ceylon V, 99 
Guatemala, V, 94, 97 
Malabar, V, 85 

—chemical composition, V, 98 
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Cardamom oil, Malabar—physicochemical 
properties, V, 96 

—use, V, 9 

Cardamom ofls *y, 86 

Cardamomum longum, V; ra 

Cardamomum majus, V, 99, 103 

Carene, II, 774, {8; 782, t87; VI, 335 

A?-Carene, see A‘-Carene. 

ACercne (isodiprene), II, 32, 49, 775, 779, 
784, 786; V, 131, 373; VI, 160, 209, 24, 
249, 250, 251, 280, ‘284, 286, 287 fn.., 


A‘-Carene (A?-Carene; pinonene), II, 32, 51, 
775; IV, 148, 516, 520; V, 154; VI, 160, 
197, 251 

bee Corer Deepens (epoxycarene), II, 


11h 
Carenes, I, 29, 57, 61 
assis oxide ’(benzyl-2-furylacetylene), II, 


Gecactiok: concrete and absolute, V, 411 

Carnation flower oil, V, 411 

Carnosol, III, 738 

Carone (5-ketocarane), IT, 447 

Caronic acid, II, 51, 44 

Carotene, II, 458: Ill, 157, 367 

8-Carotene, I, 39 

Carotene-epoxide, III, 367 

Carotenoids, I, 31, 9 

Carotol, IT, 768; IV, 588, 589, 590 

Carrot—cultivation, IV, 686 

Carrot herb oil, IV, 688 

Carrot oil, IV, 686 

Carrot seed chaff oil, IV, 587 

Carrot seed oil, IV, 586 

Carrot seed and stalk oil, IV, 589 

Carrot (wild) oil, I V, 588 

Carum ajowan, IV, 661 

Carum bulbocastanum, IV, 574 

Carum car, IV, 573 

Carum copticum, Vv 561 

Carum petroselinum, IV, 666 

Carum verticillatum, IV, 574 

Carvacrol (2-hydroxy-p-oy7 
SeoDrony. phenol), 17, 415, 4 
501, 603; III, 384, 425, 432, 43A, 515, 
528, 531, 532, 533, 534, 535, 539, 542, 
543. 545, 546, 547, 548, 550, 619, 620, 
693, 741, 743, 744, 745, 750, 756, 762, 
763; IV, 304, 310, 552, 652; V, 166, 
167, 168 
p. (Table), I, 403 

aa enn II, 505 

Carvacryl acetate, II, 547 

Carvacry] ester, Il, 548 

Carvene, IV, 582 

Carvenone (3-p-menthen-2-one; 1-methy]-4- 
pe eee II, 199, 


—b.p. (Table), I, 
Carveol (6, S(0)p-ineuthadien 2-0} 1-meth- 
yi isopropen 16-oyelohexen-2- re iE 
208; TL, 


ene; 2-methyl- 
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Cedro del Palo Ligero, aceite esencial, V1, 358 
Cedrol (cedar camphor; cypress camphor), 

II, 116, 284, 792; VI, 39, 311, 312, 336, 
357, 358, 359, 361, 362, 363, 367, 369 

Cedrol in cedarwood oil mm 6 330 

Cedrone (cedrenone), Il, 117, 120 

Cedrus atlantica, VI, 234 

Cedrus deodara, VI, 236 

Cedrus libani, VI, 236, 288 

Cedrus libanotica, VI, 238 

Cedrus libanotica subsp. atlantica, VI, 234 

Cedryl acetate, VI, 357 

Celery—cultivation, IV, 592 

Celery chaff oil, IV, 598 

Celery herb oil, IV, 600 

Celery oil, IV, 591 

Celery oleoresin, IV, 600 

Celery seed distillation, I, 159, 162 ff; IV, 


594 
Celery seed we IV, 591, 651 
American, I V, 598 
France IV, 591 
India, {V, 598 
Cells, oil, in plants, I, 66 ff 
Cellulose, el, 
Centaur X, V, 4 
Cerotic acid, iit "126, 157, 173; V, 71 
Cery] alcohol, III, 126, 157 
Chamaecypariol, VI, 345 
Chamaecyparis formosana oil, I, 73 
Chamaecyparis lawsoniana, VI, 
Chamaecyparis obtusa, VI, $41 
—botany, VI, 341 
Chemae vere obtusa forma formosana, VI, 


Chamaecyparis tatwanensis, V1, 342 
Chaseeecvaaie thyordes, VI, '325 fn., 353 


Chamanulene II, 128, 131, 132; V, 426, 437, 


Giistrasulervenns: V re 
Chamene, II, 745; ‘Vi, 34 
Chamenol-A, VI, 346 
Chamenol-B, VI. 346 
Chamomile, ‘English, V, 433 
German, V, 8 
Hungarian, V, 488 
Roman, V, 433, 438 
small, V, 488 
Chamomile flowers—distillation, I, 155, 159 
Chamomile oil, V, 488 
gaa 1, see Chamomile oil, Roman (or 


German, V, 

—chemical. npoadon: VW. tag 
eae properties, V , 441 
—yield V, 44 


Roman (or English), V, 488 
—chemical composition, V, 436 
—physicochemical properties, V, 435 
—use, V, 437 

Champaca, concrete and absolute, V, 379 
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Champaca oil—true, V, 379 
—so-called, V, 881 

Charas, M., I, 7 

Chassis—absolutes of, I, 197 ff 
—in enfleurage, I, 191 ff 

Chavibetol (betel phenol; ene tay y- 

droxy-4-all Ibenzene); II, 614; V, 161 

—b.p. (Table 

Chavica Bailie V, 147 

Chavica roxburghit, V, 147 

Chavicine, V, 144 

Chavicinic aid V, 146 


cna agen st 


505; IV, 113, 394; 
Chavicol methyl ‘ether, see Methyl chavicol 
ye panne orange, III, 183 
henopodiaceae oils, VI, 149 
Cee ambrosioides var. anthelminti- 
cum, V, 485; VI, 151 
—botany, VI, 161 
—harvesting, VI, 152 
Cherepediom oil (American wormseed oil), 
82, 298, 360; VI, 161 
_taehne, Vt VI, 158 
—chemical com ere VI, 160 
—distillation, Vi, 16 
—physicochenical pepuriiel VI, 156 


Cherry ms et IV, 204 
Cherry laurel oil, V, 54 
Cherry laurel water, V, 54 
eae acid, I, 38 acl 
lorides— reparation 
Chlorine, I It 780 80; see also Iso Halogens 
Chloroacetic acid, II, 825 
Chloro-atranol, VI 186, 188 
Chloro-atranorin, VI 184, 186, 187, 188 
p-Chlorobenzazide, I, 825 
Chlorobenzazides— reparation, II, 800 
Chlorobenzhydrazides, II, 814 
Chlorobenzoylazide, II, 826 
ee isothiourea hydrochloride, 


, 829 
ee ee pseudothiuronium chloride, 
9 


Chloroform—b. p. (Table), I 
Chloro-hematommic acid W186 
Chloro-hematommic acid ethyl ester, VI, 
187, 188 
Chloro-hematommic ester, VI, 186 
p-Chlorophenacy] bromide Il, 828, 830 
p-Chlorophenacy] esters, Ii, 828 
p-Chlorophenylhydrazine hydrochloride, IT, 


813 
Chlorophyll, I, 49; III, 472; VI, 187 
Chlorosulfonie acid, » 798, * 823 
Cholesterol, I, 40 ff 
Cholic acid, I, 41 
Chromatographic method, IT, 772 
Chromic acid, II, 775 
Chromic anhydride, II, 775 
Chromosome aberration, I, 76 
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Chrysanthemaxanthine, III, 367 
Chrysanthemum acid, i, 28. 
Chrysanthemum dicarboxylic ester, I, 29 
Chrysantone, II, 765 
Cianciolo sfumatrice III, 1 
Cidra, aceite esencial de, IL 284 
Cinanen aaa de Cetlan, aceite esencial de, 
2 
Cinchonidine, II, 794 
Cineole, I, 62 ff, 75; IT, 34, 43, 191; IIT, 117, 
3, 407, "409, 410, 411, "412, 418, 
432, 433, 439, 464, 492. 502, 503, 511, 
514, 515, 518, 526, 549, 617, 620, 623, 
633, 682, 683, 708, 711, 715, 716, 737, 
746; IV, 137, 202, 203, 205, 206, 209, 
281, 290, 297, 300, 301, 302, 303, 304, 
316, 320, 321, 327, 367, 369, 394, 441, 
448, 449, 450, 454, 455, 458, 459, 460, 
462, 463, 468, 469, 473, 477, 484, 504, 
505, 506, 507, 508, 509, 510, 511, 512, 
513, 514, 515, 516, 517, 518, 519, 520, 
521, 522, 523, 524, 526, 528, 531, 532, 
533, 535, 536, 530, 543, 546, 547: V, 
98, "101, "103, 117, 122, 126, 128, 130, 
159, 161, 374, 379, 380, 383 425, 
429, 430, 431, 432, 474, 486; VI, 39, 52, 
114, 126, 190, 295 
—b.p. (Table), L, 392 
—determination, I, 294 ff; (sugg. add. 
Int.), I, 358 
1 '4-Cineole (1, enol aa Zig 1,4-o0x- 
ido-p-menthane), II, 202, 712; IV, 304, 
307; V, 154 
1,8-Cineole (cajuputol; 1,8-epoxy-p-men- 
thane; eucalyptol; 1,8-oxido-p-men- 
thane), II, 708, 712; IV, 186, 191, 193, 
374, 456, 467, 475, 485 
Cineole-resorcinol, II, 709 
Cineolic acid, IT, 710 
Cinnamaldehyde (cinnamic aldehyde; §- 
phenylacrolein), II, 354, 809, 817; ITI, 
573; IV, 215, 216, "997, 298, 232, 234, 
238, 241, 244, 254, 347, 541; VI, 73 
—b.p. (Table), 1, 403 
—distillation, I, 160 
Cinnamein, IJ, 639; V, 216, 217, 218 
Cinnamic acid, II, 14, 355, 698, 645, 647, 
649, 650, 780; III, 200, 201, 213; IV, 
255, 457, 541; V, 217, 222, 224, 244, 
247. 249, 254, 352; VI, 14 
Cinnamic acid benzyl ester, see Benzyl cin- 
namate 
Cinnamic acid cinnamy] ester, see Cinnamyl 
cinnamate 
Cinnamic acid ethyl ester, see Ethyl cinna- 


mate 
Cinnamic acid methyl] ester, see Methyl cin- 
namate 
allo-Cinnamic acid methy] ester, III, 418 
Cinnamic alcohol, see Cinnamy] alcohol 
‘innamic aldehyde, see Cinnamaldehyde 
Cinnamomum camphora, IV, 260, 280, 300, 
820 
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es camphorea var. formosana, IV, 
Caen camphora var. glaucescens, IV, 


incon camphora var. linalodlifera, 

Cinnamomum camphora var. nominale, IV, 
280, 281, 291 

Cinnamomum cassta, IV, 215, 241 

Cinnamomum culilawan, IV, 211 

Cinnamomum kanahirat, IV, 280, 282, 290, 
301, 304, 306, 307, 309, 312 

Cinnamomum loureirit, IV, 215 

Cinnamomum micranthum, IV, 280, 282, 301, 
304, 306, 307, 310 

Cinnamomum obtustfolium, IV, 215 

Cinnamomum zanthoneuron, IV, 211 

la ie zeylanicum, IV, 214, 215, 216, 

1 


Cinnamon—botany, IV, 214 
—cultivation, IV, 21 4 
—quality, IV, 220 
cassia, IV, 215 
China, IV, 241 
Saigon, IV, 214 
wild, IV, 379 
Cinnamon bark oil, Ceylon, IV, 222 
Madagascar, IV, 238 
Seychelles, IV, 236 
Cinnamon bush, IV, 379 
Cinnamon Ceylon oil, I, 69, 159 
Cinnamon leaf oil, Ceylon, IV, 229 
India, IV, 240 
Madagascar, IV, 238 
Seychelles, IV, 238 
Cinnamon oil, IV, 213 
—phenols in, I, 293 
Ceylon, IV, 216 
Madagascar, IV, 288 
Seychelles, IV, 235 
Cinnamonol, II, 756; IV, 234 
Cinnamy] acetate, IV, 254; VI, 73 
Cinnamy] alcohol (cinnamic alcohol; +-phen- 
ylally] alcohol; 3-phenyl-2-propen-1-ol; 
styrone), II, 294, 295, 650, 792, 799, 
801; IV, 233, 541; V, 218, 247, 249, 254, 
350; VI, 72, 73 
—b.p. (Table), I, 404 
Cinnamyl cinnamate (cinnamic acid cinna- 
myl ester; styracine), II, 296, 650; V, 
218, 247, 249, 254 
Cipres, aceite esencial, VI, 332 
Cistaceae oils, VI, 43 
Cistus ladaniferus, VI, 46 
Citral, I, 23, 33, 52, 58 ff, 62 ff; II, 168, 169, 
170, 172, 173, 176, 324, $26, 334, 337, 
338, 339, 381, 382, 458, 807, 809; IIL, 
87, 105, "117, 125, 140, 156, 157, 158, 
173, 194, 273, 274, 283, 285, 286, 325, 
327, 329, 344, 355, 356, 396, 398, 416, 
418, 423 428, 433, 436, 466, 475, 688, 
745, 746, 758, 759; IV, 16, 20, 21, 36, 
41, 43, 65, 113, 140, 146, 149, 198, 319, 
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mak oils, Italian—keeping qualities, ITI, 


North American, ITI, 88 
—expression, III, 47 
distilled, III, 66 
Texas, Ill, 80 
Citrus paradisi, III, 847 
Citrus reticulata var. “mandarin,” III, 334, 
836, 345 
Citrus reticulata var. “tangerine,” III, 334, 
889 


Citrus inate III, 118, 141, 174, 193, 195, 
197, 214, 

Citrus sinensis var. djalonis, III, 141 

Citrus sinensis var. lumo-viridis, TH, 141 

Citrus unshiu, III, 187, 188 

Civet, II, 490 

Civetol, iI, 491 

Civetone (9-cycloheptadecenone), II, 300, 


Clair de labdanum, VI, 48 
Clarification of essential oils, I, 377 
Clary sage absolute, IIT, 784 
Clary sage concrete, Ill, 734 
Clary sage oil, III, 784, 
English, Ill, 732 
French, III, 724 
Hungarian, ae 731 
Italian, III, 730 
Russian, Ll, 728 
Clausena anisata, III, 372 
Clausena anisum-olens, III, 372 
Clausena excavata, Ill, 372, 373 
Clausenan, II, 70. 2 
Clavos, aceite esencial, IV, 396 
Cleaveland open cu tester I, 261 
Clevenger method, I, 157, $17 ff 
Climate—effect on essential oil in plants, I, 
69, 73 fi 
Clinopodium incanum, III, 691 
Clove—botany, IV, 397, 4l4 
Clove, Ceylon, IV, "426 
Indonesia, IV, 4 
Madagascar, IV, 414 
Malaya, IV, 426 
Manila, IV, 426 
wild, IV, 427 
Zanzibar and Pemba—assay, IV, 412 
—botany, IV, 397 
—cultivation and preparation, IV, 899 
—grading, IV, 411 
Clove (bud) ol, IV, 396 
—adulteration, IV, 432 
—chemical composition, IV, 433 
—distillation, IV, 427 
—physicochemical properties, IV, 428 
—use, IV, 437 
Madagascar, IV, 414, 422 
Zanzibar and Pemba, IV, 397 
Clove Growers’ Association, IV, 408 
Clove leaf oil—chemical composition, IV, 
6 


48 
—physicochemical properties, IV, 431 
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Clove leaf oil, Madagascar, IV, 423 
Clovene, II, 128 


Clovenic acid, IT, 123 

Clove oil—phenols i in, I, 293 
Cloves—distillation, 1, 117, 144, 159 

Clove stem oil—chemical composition, IV, 


485 
Ey ae Mamas aay properties, IV, 430 
IV, 416 


Zanzibar, “TV, 418 
Cnidium lactone, IT, 694 
Cochlearia armoracia, VI, 68 
Cocking and Hymas. athe I, 299 
Cocking method, I, 295 
Coconut oil, VI, 181 
Cocos nucifera, VI, 1 121 
Cohobation, I, 122, 140, 154 ff, 158 ff, 160 
Color tests, IL, 772, 824 
Color value of oleoresin capsicum, I, 330 ff 
Combanene, II, 756 
Combanol, II, 756: IV, 234 
Combustion test for halogens, I, 308 
Comino, aceite esencial, IV, 615 
Comminuting machines, L 105 ff 
Comminution of plant material, I, 7, 104 ff, 

116, 121, 149, 159 ff, 162 
Commiphora ‘abyssinica, iv, S45 
Commiphora erythraea var. glabrescens, IV, 
349 


Commiphora myrrha var. molmol, IV, 845 

Commiphora schimperi, IV, 846 

Compositae oils, V, 423 

Concentrated essential oils, I, 218 

Concrete flower oils, I, 210 ff, 217 

Condensate in distillation, I, 94 ff, 153, 164, 
181 


Condensation reactions, IJ, 805 

Condensers in ltillotign, £12 123, 132 ff, 170 

Condenser tubes, I, 133, 136 

Congealing point t, I, 253 ff; II, 1 

Conglomerone, IV, 509 

Convallaria majalis, V1 76 

Conversion tables, I, 410 ff 

Cooling water in condensers, I, 135 ff 

Coorg greens, V, 92 

eepeene hs I, 35; iI, 92, 128; III, 550; V, 212, 
31 


Copaene ketonic acid, II, 122 
Copaiba balsam, see Balsam copaiba 
Copaiba oil as adulterant, I, 344 
Copaifera coriacea, V, 204, 207 
Copaifera glycycarpa, V, 207 
Copatfera guianensis, V, 203, 207 
Copaifera martit, V, 
Copatfera martit var. rigida, V, 204, 207 
Copaifera mulit] a 203, 207 
Copatfera offict V, 204, 207, 209 
Copatfera reticulata: v, 203, 
Copal balsam, V, 249 
Copal limén, iv, 331 
es Valerius, I, 5 
riander—cultivation, IV 
ra lation, I, 155, 158, oes ay, 607 
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Coriander herb oil, IV, 612 

Coriander oil, IV, 608; table, IV, 609 

Coriander seed oil, IV, 608; table, IV, 609 
paisa, Ae 604 


Gccanicr Ww aL 

Coriandrum sativum, IV, 608, 613 

Coridothymus capitatus, "THI, "636, 538, 541, 
543, "743 747, 755 

Corn mint oil, IIT, 588, 640, 652 

Corps, fatty, in enfleurage, I, 190 ff 

Costene, I "TAT 

a-Costene, V, 449 

8-Costene, V, 449 

Costol, II, 612, 766; V, 44 

Costus acid (costusic eid), II, 612, 767; V, 
44 


Costusic acid, see Costus 
Costus lactone eas II, 767, V, 


Costusolactone, see Costus lactone 
Costus root—distillation, I, 159 
Costus root oil, V, 446 
—adulteration, V, 449 
—chemical composition, V, 449 
—physicochemical properties, V, 447 
—use, V, 441 
Costus spectosus, V, 446 
Coumaric acid, III, 472 
o-Coumaric acid (trans-o-coumarinic acid; 
trans-o-hydroxy cinnamic acid), IT 661 
p-Coumaric acid methyl ether, see h Methe 
oxycinnamic acid 
Coumarin (lactone of o-hydroxy cinnamic 
acid), I, 43; II, 657, 659, 660, 662, 664, 
666, 668; III, ‘466, "467, "469, 470, 471, 
503, 511 (footnote); IV, 255, 652; V, 231 
—b.p. (Table), I, 407 
— isolation, II, 668 
Coumarin glucosides, II, 662 
o-Coumarinic acid (cio hydroxy cinnamic 
acid), II, 660, 661 
trans-o-Coumarinic acid (o-coumaric acid), 


Coumarone, II, 657, 659, 660 
Crataegon, see p-Methoxyacetophenone 
Creosol, V, 224, 308, 336; VI, 19, 385 
Cresol, IV, 304, 309, 347; VI, 19 
o-Cresol—b.p. (Table), I, 394 
m-Cresol—b.p. (Table), t, 396 
p-Cresol, III, 213; V, 230, 231, 308, 309, 
336; VI, 74, 383 

—b.p. (Table), I 
p-Cresol methyl ae V, 308, 309, 380 
p-Cresyl acetate, V, 308 
Criste-marine, essence de, IV, 6 
Crithmene, I, 57; II, 40; iH, 423; IV, 664 
Crithmum maritimum, IV, 66 
Crocus sativus, V 
Crotonaldehyde 1 807 
Croton eluteria, VI, 169 
Crotonic acid, II, 
a-Crotonic acid—b. p. (Table), I, 393 
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8-Crotonic acid—b.p. (Table), 391 
Crotonic acid nitrile, see Ally i cyanide 
Crotonyl mustard oil, see >-Butenyl isothio- 


Croty} sulfide—b.p. (Table), I, 394 
loans II, 33 
Cruciferae oils, I, 18: VI, 58 
Cryptal, II, 388; IV, 454 
Cryptene, VI, 314 
Cryptocaria massoia, IV, #11 
alps (4-isopropyl-2-cyclohexen-1-ol), II, 


Cryptomeradol, see Eudesrnol 
Ory pee (see also Diterpene Table), 


e- Oryptomerene, VI, 317 


VI, 
pal oil ee are a 


—root oil, VI, 312 
Cryptomeriol, I, 764; VI, 315 
Cryptone (4-isopropyl-2-cyclohexen-1-one) : 
I, 75; II, 48, 299, 388; IV, 450, 454, 
455, 461, 462, 463, 508, 513, 519; VI, 
244. 250° 
Cryptotaenene, II, 12 
Cubeb—adulteration, V, 149, 152 
Cubeb, African, V, 155 
Congo, V, 155 
false, V, 149 
oils, V, 155 
Keboe, V, 1 155 
Cubeb camphor, II, 287, 768; V, 153 
Cubebin, I, 44 
Cubeb oil, V, 148 
—chemical composition, V, 153 
= Pee meal properties, V, 160 


Cubebol, Il, 287; V, 156 

Cubebs—distillation, I, 159 

Cucumber alcohol, II, 164 

Cumaldehyde (cuminal: cuminaldehyde; cu- 
minic aldehyde; p-isopropylbenzalde. 
hyde), I, 27, 75; II, 39, 344, 352, 807; 
III, 376, 384, 466, 503: IV, 149, 228, 
347, 450, 454, 455, 461, 462, 463, 513, 
519, , 521, 523, 525, 618; V, 99, 230; VI, 


244, 2 
—b.p. (Table), I, 402 

p-Cumenol a p-Isopropylphenol 
Cumic aci 
Cumic Scher. see Cuminy] alcohol 
Cumin, IV, 6 6 
Cuminal, see Cumaldehyde 
Cuminalcohol, see Cuminy! alcohol 
Cuminaldehyde, see Cumaldehyde 
Cuminic acid, IV, 
Cuminic alcohol, see Cuminy] alcohol 
p-Cuminic alcohol—b. p. (Table), I, 403 
Cuminic aldehyde, see Cumaldehyde 
Cumin oil, IV, 616 
Cuminum cyminum, IV, 616 

asf alcohol (cumic alcohol; cuminalco- 

cuminic alcohol; p-isopropylbenzy! 


428 
ae Il, 297; III, 468; 1V, 304, 308, 


Cupressaceae oils, VI, 319 
Cupressene (see also Diterpene Table), II, 


; VI, 
Cupressus fastigiata, VI, 332 
Cupressus glauca, VI, 33 
Cupressus japonica, VI, 312 
Cupressus lambertiana, V1, 339 . 
Cupressus lawsontana, V1, 350 
Cupressus lusitanica, VI, 337 
Cupressus macrocarpa, VI, 339 | 
Cupressus macrocarpa var. guadalupensis, 


, 339 
Cupressus pendula, V1, 337 
Cupressus sempervirens, V1, 332 
i bg sempervirens var. fastigiata, VI, 


a hg sempervirens var. horizontalis, VI, 
ee sempervirens var. pyramidalis, VI, 


Cupressus sempervirens var. stricta, VI, 332 
Cupressus sinensis, VI, 337 
Cupressus torulosa, VI, 840 
Curcuma amada, V, 124 
Curcuma aromatica, V, 122 
Curcuma caesia, V, 126 
Curcuma domestica, V, 120, 123 
Curcuma longa, V, 120 
Curcuma oils, V, 120 
Curcuma xanthorrhiza, V, 123 
Curcuma zedoaria, V, 126 
Curcuma zerumbel, V, 126 
a-Curcumene, V, 123 
f-Curcumene, V, 123 
Curcumenes, II, 89, 784 
Curcumine, V, 120, 124 
Curcumone, II, 450, 451; V, 121, 122 
Cus-cus, IV, 156 
Cusparia trifoliata, III, 863 
Cyanacetic acid, II, 3 
Cyanhydrin reaction, II, 804 
Cyanic acid gas, II, 801 
Cyanides, II, 721, 833; V, 357 
Cyanoacetic acid reaction, II, 807 
Cyanuric acid, II, 801 
Cyclamen, concrete and absolute, V, 417 
Cyclamen europaeum, V, 417 
Cyclocitral, I, 31, 33 
&-Cyclocitral, II, 349 
a-Cyclocitrylideneacetone, see a-Ionone 
B-Cyclocitrylideneacetone, see 8-lonone 
Cyclofenchene, II, 74, 777, 781 
a-Cyclogeranic acid, II, 590 
Cyclogeraniol, I, 31; II, 173 
Cyclogerany] acetate, IT, 622 
Cycloheptadecanone, see Dihydrocivetone 
9§-Cycloheptadecenone, see Civetone 
Cyclohexane, II, 18 

—b.p. (Table), I, 383 
Cyclohexylamine, II, 832 
Cyclo-isoprenemyrcene, V, 124 
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Cyclononadecanone, II, 492 
Cyclopentadecanone, see Exaltone 
Cyclopulegone sulfonic ester, II, 699 
Cyclotridecanone, II, 492 

Cymbopogon afronardus, IV, 138 
Cymbopogon caestus, IV, 133, 136, 141 
Cymbopogon citratus, IV, 23, 25, 37 
Cymbopogon clandestinus, IV, 139 
Cymbopogon coloratus, IV, 139 

Cymbopogon confertiflorus, IV, 67, 84 
Cympopogon densiflorus, 1V, 141 
Cymbopogon exaliatus, IV, 141 

Cymbopogon flecuosus, IV, 23, 24, 134 
ad at flexuosus forma albescens, IV, 
Cymbopogon georingit, IV, 142 

Cymbopogon giganteus, IV, 142 

Cymbopogon twarancusa, IV, 142 
Cymbopogon (javanensis) rectus, IV, 145 
Cymbopogon martini, IV, 3, 1 

ees martini var. motia, IV, 3, 5, 12, 


Cymbopogon martint var. sofia, IV, 3, 18, 141 
Cumbopogon nardus var. confertiflorus, IV, 


Cymbopogon nardus, lenabatu, IV, 67 

cum porn nardus var. linnae: (typicus), 
Cymbopogon nervatus, IV, 152 

Cymbopogon polyneuros, IV, 148 
Cymbopogon procerus, IV, 144 

Cymbopogon proximus, IV, 144 

Cymbopogon schoenanthus, IV, 188 
Cymbopogon senaarensis, IV, 146 
ctl senaarensis var. proztmus, IV, 


Cymbopogon stipulatus, IV, 147 
Cymbopogon virgatus, 1V, 147 
la ge winterianus, mahapengiri, IV, 


Cymbopol, II, 273; IV, 114 

Cymene, II, 45, 788 

p-Cymene (cymol; 1-methyl-4-isopropylben- 
zene), I, 26 ff, 32, 41, 75, 160; II, 16, 
19, 25, 28, 35, 37, 38, 41, 52, 197, 231, 
332, 334, 428, 775, 776, 788; III, 104, 
329, 347, 384, 528, 531, 533, 534, 539, 
543, 544, 547, 548, 552, 741, 743, 750, 
756, 762, 763; IV, 228, 238, 304, 312, 
318, 356, 454, 455, 461, 462, 464, 476, 
504, 505, 506, 507, 508, 510, 513, 514, 
515, 517, 519, 520, 521, 522, 523, 525, 
528, 531, 533, 552, 559, 611, 618, 664, 
665; V, 77, 374; VI, 153, 159, 160, 170, 
297, 306, 307, 335, 338, 349 

—b.p. (Table), 1, 392 

1,2,4-Cymenesulfonic acid, II, 17 

1,3,4-Cymenesulfonic acid, II, 17 

Cymol, see p-Cymene 

Cyperaceae oils, VI, 123 

Cyperene, II, 749, 759; VI, 126 

Cyperol, II, 759; VI, 126 

Cyperone, iI, 458 
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a-Cyperone, VI, 126 
Cyperus rotundus, VI, 126 
Cypreas—distillation, I, 159 
ress, Himalaya, VI, 340 
talian, VI, 332 
Japanese, VI, 312, 342 
Monterey, VI, 339 
Portuguese, VI, 337 
Cypress camphor, see Cedrol 
Cypress lavender-cotton, V, 475 
Cypress oil, VI, 332 
—Guatemala, VI, 338 


Dacrene, see Phyllocladene 

Dacrydene, II, 745; VI, 197 

Dacrydivm 'franklini, V1, 195, 197 

Dai-bi, V 

Denis acid, II, 655 

Damascenine (3-methoxy-2-methylamino- 
benzoic acid methyl ester; 3-methoxy- 
N-methylanthranilic acid methy] ester), 
II, 654; VI, 165 

Dancy tangerine, III, 339 

Darwinol, II, 75 

Daucol, Il, 763; IV, 589 

Daucus carota, IV, 686 

Davanam, V, 451. 

Davana oil, V, 461 

Decanal, see n-Decylaldehyde 

n-Decane—b. . (Table), I, 392 

Decanoic acid, see n-Cap ric acid 

1-Decanol (n-decyl alcohol), II, 166; III, 
156; VI, 175 

—b.p. (Table), I, 401 

Decarboxylation, II, 827 

n-2-Decen-1-al (n-1-decenaldeh de; decylen- 
aldehyde; n-1-decylenic aldehyde), ; Il, 
324; III, 157; IV, 614 

n-1-Decenaldehyde, se va n-2-Decen-1-al 

Decenoic acid, II, 324 

Decolorization of essential oils, I, 179 ff, 377 

Decomposition during distillation, I, 114, 180 

Decoylacetone, IIT, 383 

n-Decy] alcohol, see 1-Decanol 

n-Decylaldehyde (capraldehyde; capric al- 
dehyde; decanal), II, 306, 316, 324; ITI, 
104, 125, 140, 156, 157, 158, 172, 188, 
200, 201, 240, 243, 283, 327, 343, 356; 
IV, 36, 41, 43, 64, 304, 306, 612, 614: 
V, 117, 230, 233; VI, 96, 228, 283, 285, 
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38 

—b.p. (Table), I, 398 
Decylenaldehyde, see n-2-Decen-1-al 
n-1-Decylenic aldehyde, see n-2-Decen-1-al 
n-Decylic acid, see n-Capric acid 
Decylic aldehyde, VI, 283, 285 
Decy] pelargonate, ITI, 200, 201 
Défleurage, I, 191 ff, 194 
Dehydration of alcohols, II, 791 
Reo methods in alcohol assay, I, 
Deh yaroaneustone, II, 484, 486; IV, 520 
Dehydrocitral, I, 52, 54 
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Dehydrogenation, II, 776 

Dehydrogeranic acid, I, 23; II, 589; VI, 323 

Dehydromatricaria ester (methyl n-decene- 
triynoate), V, 431, 459 

Dehydroperillic acid, VI, 331, 332 

Dehydroperillic acid methyl ester, VI, 332 

Dehydro-turmerone, II, 4 

Delft grass, IV, 143 

Demachy, J. F, I,7 

Dennis apparatus, I, 256 

Dephlegmators, I, 181 

Depsides, VI, 184 

Deshydrocostus lactone, V, 447, 450 

Devil’s dung, IV, 571 

Diacetyl (biacetyl; dimethylglyoxal), ay 
373, 379; III, 391, 466, 503; IV, 43, 1 
395, 560, 583, 704; VI, 52, 97,336, 386 

Dially! ‘iouléde, I II, 731; VI, 67, 68, 69 

Diallyl polysulfide, VI, 69 

Dially! sulfide, I, 18 

Diallyl trisulfide, II, 731; VI, 69 

Diamine, II, 810 

rics fanaa II, 830 
nethole, II, 510 

o-Dianisidine, II, 788 

Dianthus ann V, 411 


—b.p. (Table), I, 406 
Dibenzylamine, IT, 832 
Dibenzyl ketone—b. p. (Table), I, 409 
1,4-Dichloro-p-menthane, IT, 34 
Dicitronelloxide, II, 125, 718; IV, 114 
Di-d-clausenan, Tl, 70 
Dicrotyl sulfide, I, 18; II, 731 


Dicyclohexylamine, il, 832 
Didymo ne, IT, 748 
Die back 401, 415 


Diels and Alder reaction, II, 786 

Diene synthesis, II, 786 

Diethylaniline, IT, 79 

Diethyl disulfide, VI, 6 

Diethyl] oxalate—b. p. (Table), I, 393 

Dihalides, I, 47 

Di-hydrazonea, II, 812 

Dihydroambrettolic acid, II, 595 

Dihydro-y-atlantol, IT, 449 

Dihydroauraptene, IT, 673 

Dihydroauraptenic acid, II, 673 

Dihydrocalameone, IT, 280° 

Dihydrocarveol [8(9)-p-menthen-2-ol; 1- 
methyl-4-isopropenyle eyelohexan-2-oll 
da II, 682; IV. 


bp. (Table), I, 400 
Dibydinearvone (8[9]-p-menthen-2-one; ; l- 
a ae -4- Gon It Sue Sb foe, anne AV, 
one), 206, 408, 454 
582, 583, 631 
—b.p. (Table), I, 
Dihydrocarvone iydrobromide IT, 448 
Dihydrocarvylamine, II, 
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Dihydrocarvylxanthogenamide, II, 206 
Dihydrocaryophyliene nitrosate, i, 102 
Dihydrochloride, I, 48 
Dihydrocivetol, II, 492, 493 
Dihydrocivetone (cycloheptadecanone), II, 
491, 492 
Dihydro cnidium lactone, II, 695 
Dihydrocostus lactone (dihydrocostusolac- 
tone), IT, 612, 767; V, 450 
Dihydrocostusolactone, see Dihydrocostus 
lactone 
Dihydrocoumarin, IT, 661 
Dihydrocumaldehyde, II, 46 
Dihydrocumin alcohol, If, 47 
Dihydrocuminaldehyde, see Perillaldehyde 
Dihydrocuminic acid, II, 185 
Dihydrocuminic aldehyde, II, 185 
Dihydrocuminy] acetate, III, 682 
Dihydrocuminy] alcohol, see Perilly] alcohol 
Dihydrocuminylamine, II, 46 
Dihydroeugenol, IV, 304, 310 
Dihydrofarnesene, II, 84 
Dihydro Hildebrandt acid, I, 60 
Dunvato ene. I, 61 
cts-Dihydroionone, V, 450 
Dihydro-y-ionone, II, 466; V, 450 
Dihydro-irane, II, 467 
Dihydro-irone, IT, 467 
Dihydroisopimpinellin, II, 682 
Dihydrojasmone, IT, 
Dihydrojunene, II, 746 
Dihydromatsutake alcohol, IT, 153 
Dihydromyrcene, IT, 8, 11 
d-Dihydromyrtenol, see Benihiol 
Dihbydroperillene, IT, 700 
Ab2-Dihydroperillyl alcohol, II, 345 
Dihydrophyllocladene, I, 38 
Dihydropinol, IV, 583 
a,B- ihydropseudoinone, IV, 41, 43 
Dihydrosabinene, II, 53 
a-Dihydrosedanolic acid, IT, 695 
Dihydrosedanolide, II, 695 
Dihydrosesquicitronellene, II, 83 
Dihydrotanacetene, III, 716 
Dihydroteresantalic acid, IT, 113 
Dihydro-a-terpineol (8-p-menthanol), II, 
186 


Dibydroxanthotoxol, IT, 679 
1,2-Dihydroxy-4-allyl-benzene, see Allyl- 
yrocatechol 
Dihvdroxybensenis see a veredunene 

Dih droxyearotol, IT, 763; IV, 589 

2,4-Dihydroxycinnamic acid, Il, 667 

a,a’'-Dihydroxy-a-methyl-a’-isopropyladipic 
acid, II, 

a,é-Dihydroxy-a-methy]-6-isopropyladipic 
acid, II, 197, 199 

Dihydroxyphellandrene, IV, 359 

Dihydroxythymoquinone, III, 528 

Dihydrozingiberene, IT, 

Di-indyl, II, 726 

Di-isoeugenol, II, 522 

Diketomonocarboxylic acid, II, 449 
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8-Diketones, IT, 812 
Dill—cultivation, Europe, IV, 624, 629 
North America, IV, 620 
Dill—distillation, IV, 622, 626 
Dillapiolaldehyde, II, 539 
Dillapiole (4-allyl-5,6-dimethoxy-1,2- 
methylenedioxybenzene; 1,2-methyl- 
enedioxy-5,6-dimethoxy-4-allylben- 
zene), I], 589; III, 548; IV, 624, 631, 
634, 664; V, 159, 160 
—b.p. (Table), I, 406 
Dillapiolic acid, II, 539 
Dill herb oil, IV, 687 
European, IV, 624 
Hungary, IV, 625 
North American, IV, 620 
Spain, IV, 630 
Dillisoapiole, IV, 631; V, 160 
Dill oil, IV, 619 
Dill seed—distillation, I, 155 
Dill seed oil—chemical composition, IV, 680 
—use, IV, 633 
American, IV, 624 
England, IV, 688 
Hun, IV, 627 
India, IV, 683 
Japan, IV, 683 
Dill weed oil, IV, 619 
Dimedone reaction, IT, 805, 806 
Dimethox -3,4-acetophenone, IV, 96 
1,2-Dimethoxy-4-allylbenzene, see Methyl- 


eugenol 

Sra DiMStnO xy bens een yee see Methyl- 
vani 

1,4-Dimethoxybengene, IT, 551 

Sa ioe thoy benaie acid, see Veratric 
aci 

Dimethoxycoumaric acid, IT, 670 

5,7-Dimethoxycoumarin, see Li 

5,6-Dimethoxyfurano-4’,5’,7,8-coumarin, see 
Pimpinellin 

§,8-Dimethoxyfurano-2’,3’,6,7-coumarin, see 
Isopimpinellin 

4,6-Dimethoxy-2-geranoxycinnamic acid, 
III, 325 

3,4-Dimethoxypheny] acetic acid, IT, 519 

Stony Doe y lacey anak II, 799 

pe eeanee oxyp eny]-2-methylpropane, 


1,2-Dimethoxy-4-propenylbenzene, see 
Methylisoeugenol 
Di-p-methoxystilbene, II, 510 
4,4’-Dimethoxystilbene, II, 510 
6,8-Dimethylacrolein, I, 53 
cis-c,6-Dimethylacrylic acid, see Tiglic acid 
trans-a,6-Dimethylacrylic acid, see Angelic 


acl 

8,8-Dimethylacrylic acid, see Isopropyli- 
deneacetic acid 

y,y-Dimethylallyl alcohol, II, 512 

Dimethyl] aniline—b.p. (7'able), I, 394 

Dimethyl] anthranilate (o-methylaminoben- 
zoic acid methyl ester; N-methylanthra- 
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nilic acid year ie ester), II, 668; III, 
194, 339, 347, 

Dimethylcadalene, I, 36 

Dimethyl] camphor, il, 815 

3,6-Dimethy] coumaronetetrahydride- (4,5,- 
6,7), see Menthofuran 

5,5-Dimethyl-cyclohexane-1,3-dione, II, 805 

Dimethylcyclohexenone, VI, 190 

Dimethy] disulfide, VI, 301 

Dimethylene oxide, VI, 160 

Dimethyl ethyl Sa: p. (Table), I 


Dimethy] furfural, IV, 435 

biel a rar see Diace tyl 

2,6-Dimethy]-1, RS heptadicns IT, 590 

2, '6-Dimethyl-l, 5- heptadiene-1-carboxylic 
acid, II, 689 

2 ,6-Dimethyl-1, 6-heptadiene-1-carboxylic 
acid, II, 589 

B, ¢-Dimethyl-Aav--heptatriene, II, 590 

2,6-Dimethyl-1,3 5-heptatriene-1-carboxylic 
acid, I , 689 

Dimethy! he tenol, IV, 339 

2,3-Dimethy -2-hepten-6-one, IT, 468 

1 ,4-Dimethyl-7-isopropy! azulene, II, 131 

2 '4-Dimethyl-7-isopropyl azulene, II, 136 

4 '8-Dimethy]-2-isopropy! azulene, Il, 131 

1 '6-Dimethyl-4-iso opropylidene-€-hydroxy- 
naphthalene, I 

1, )5-Dimethyl-3-Isopropylnaphthalene, II, 


1,6-Dimethy]-4-isopropylnaphthalene, IT, 
81 
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d-1,1-Dimethyl-2--ketobutylcyclopropane- 
3-carboxylic acid, II, 52 
Dimethy! ketone, see Acetone 
2 ,6-Dimethyl-10-methylene-2, 6, 11-dodeca- 
triene, VI, 140 
2,6-Dimet hyLs methyloh2, 6-heptadiene, see 
Lavandul 
Dimethylnaphthalene, VI, 386 
3,7-Dimethy]-2, 6-octadien-1-al, II, 326, 327 
3, ,7-Dimethy]-2, 7-octadien-1-al, Il, $26, 327 
2. ,6-Dimethy]-1, 6-octadien-8-ol, see Geraniol 
and Nerol 
2,6-Dimethy]-2,6-octadien-8-ol, see Geraniol 
and Nerol 
3,7-Dimethy]-1,6-octadien-3-ol, see Linalodl 
3, ,7-Dimethyl-1, 7-octadien-3-ol, see Linalodl 
2: ’6-Dimethyloctane, I, 51 ff 
2 6-Dimethyl-4-octanone, IT, 385 
2,6-Dimethyl-1,5, 7-octatriene, see Ocimene 
2 ,6-Dimethy]-2, 5, '7-octatriene, see Ocimene 
B,¢-Dimethy]-A«ve-octatrienoic acid, II, 589 
2,6-Dimethy]-2,5,7-octatrien-4-one, see ’Oci- 
menone 
3,7-Dimethy]-6-octen-1-al, II, 336 
3,7-Dimethyl-7-octen-1-al, II, 336 
2,6-Dimethyl-1-octen-8-ol, see Citronellol 
2,6-Dimethy]-2-octen-8-ol, see Citronellol 
2,6-Dimethy]-7-octen-4-one, IT, sie a 480 
Dimethy] oxalate—b.p. (Table), I, 
Dimethylphenol, VI, 19 
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a sulfide, II, 730; IV, 704; VI, 60, 
Dimethyl sulfide in peppermint oil, I, 311 ff; 
III, 608, 613, 616 
Dimethyl sulfide in spearmint oil IIT, 680 
Dimethyl tetracyclocivetol, II, 301 
Dimethyl tetracycloheptadecenol, II, 301 
Dimyrcene, II, 9 
Dimyristyl carbinol, II, 768 
Dinitroaniline, IT, 800 
3,5-Dinitrobenzazide, II, 825 
o-Dinitrobenzene—b. p. (Table) I, 408 
m-Dinitrobenzene—b.p. (Table le), i, 407 
ts Dinan dee .p. (Table), I, "407 
5-Dinitrobenzhydrazide, II, 814 
Dinitrobenzoates—preparation, II, 797 
p-Dinitrobenzoates, II, 796 
3 ,5-Dinitrobenzoates—preparation, II, 796 
3. ,»9-Dinitrobenzoyl chloride, II, 824 
2,4-Dinitrochlorobenzene, Il, 825 
3 '5-Dinitro-4-methylbenzazide, IT, 825 
2,4-Dinitrophenylhydrazine, Il, 811, 812 
2, 4-Dinitrophenylhydrazones— preparation, 


8,5 Dinitrophenylisocyanate, II, 799 
N-@4-Dinttrop enyl)-N‘-methyl-nitrourea, 


2 '4-Dinitrophenyl methylurethane, II, 801 
Dinitropheny! semicarbazide, II, 819, "820 
Di-p-nitrophenylurea, II, 799 

PAO PREY UFEURATCS — Prepersuion, II, 


a aca a a 

Dioscorides, I, 3 

Dios Pal (Buchucamphor, II, 399, 542; 

Dipentene (di icnonene), I, 25, 51, 63 ff, 160; 
IT, 25, 27, 34, 38, 45, 49, 169, 191, 201, 
777, 779, "780, 782, 784; III, 117, 194, 
199, 213, 226, 240, 243, 256, 272, 274, 
284, 285, 326, 347, 371, 376, 377, 423, 
429, 436, 501, 538, 543, 544. 548, 581, 
585, 623, 682, 693, 709, 737, 743; IV, 
16, 20, 24, 35, 40, 43, 80, 113, 137, 186, 
233, 301, 304, 311, 347, 356, 359, 360, 
369, 394, 461, 465, 535, 536, 547, 552, 
569, 611, 618, 631, 642, 655; V, 77, 78, 
143, 153, 263, 374, "466; VI, 31, ’39, 139, 
170, 202, 208, 211, 212, 216, 220, 243° 
249, 250, 277, 283, 284, 286, 289, 295, 
297, 302, 306, 308, 317, 325, 341, 344, 
349, 352 

—b.p. (Table), I, 392 

Dipentene (“dipentine”), VI, 293, 294, 
296 

mee dihydrochloride, II, 25, 33, 49, 

5 


“Dipentine,” see eee (“‘dipentine’’) 
Diphellandrene, II, 48 

Diphenyl—b.p. (Table), I, 404 
Diphenylcarbamates—preparation, IT, 824 
Diphenylcarbamy| chloride, II, 800, 824 
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Diphenylurea, II, 799 
Diphenylurethanes—preparation, II, 800, 


Dipropyl ether—b ue Y ee I, 384 
Dipterocar paceae o 
Dipterocarpus aio v, 259 
Dipterocarpus turbinatus, V, 259 
Distillate—essential oil content I, 159, 164 
—essential oil recovery from, 1, 123, 137 ff, 
154, 183 
—heterogeneous liquids, I, 94 
Distillation—apparatus, I, 99, 102 ff, 121 ff, 


130 ff, 135 ff, 140, 146, 148, 158, 160, 
181 ff, 210 ff 
—tibliography I, 87 ff 


—condensate, E $4, 96 96, 153, 164, 181 
—decomposition products, I, 114, 156, 


180 
—definition, I, 88 
—difficulties, I, 168 
—effect on pressure, I, 91 
—effect on quality of oils, I, 122, 167 ff 
—heterogeneous liquids, I, 88, 90 ff 
—at high pressure—theory, 96 ff 
—history, I, 3 ff 
—physical laws, I, 93 ff 
—at reduced pressure—theory, I, 96 
—resinification during, I, 173, 180 
—single phase liquids, I, 89, '97 ff, 100 ff 
—with superheated steam—theory, I, 96 
—superheated vapors in, I, 172 
—theory, I, 88 ff 
—water-soluble and -insoluble com- 
pounds, I, 93 ff 
Distillation, fractional I, 46 ff, 97 ff, 181 ff 
Distillation of essential oils, I, 78 ff 
—disadvantages, I, 185 
—dry, in vacuo, I, 49, 178, 181 ff 
—hydrolysis of esters, I, 180 
—inadequacies, I, 185 
—with steam, I, 178 ff 
high pressure, I, 186 
—with superheated steam, reduced pres- 
sure, I, 186 ff 
—with water, I, 179 ff 
high pressure, I, 178, 186 
reduced pressure, I, 178, 185 
Distillation of flowers, J, 212 
Distillation of plants—apparatus, I, 123 ff, 
132 ff, 140, 146, 181, 211 ff 
—of bark material, I 145, 149 
—charging of stills, I, 121, 128, 132, 144, 
146, 149 
—chemical degradation during, I, 45 
—direct oil in, I, 154 
—discharging of stills, I, 130 
—distillation water, I, 154 
—effect of ee a 118 ff 
—end point 
—field caillation, I iy af Pa 174 ff 
—general methods, 11 
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ee hydrochloride, II, 


Distillation of plants—herb material, I, 
147 ff, 151, 162 ff 
—hydrodiffusion, I, 95, 104, 109, 114 ff, 
121, 157, 167 
—hydrolysis of esters, I, 114, 118 
—leaf material, I, 147 149, 151, 163 
—practical problems, L, 142 
— of distillation, I, 143, 149, 157, 164, 
—reduced pressure, I, 120, 136, 169 ff 
—seed material, I, 116, 127, 149, 162 ff 
—with steam, I, 113, 121, 151 ff 
—advantages, I, 120, 152 
—moisture content, I, 152 
—practical problems, L 142 ff, 168 
igh pressure, I, 152 ff 
—steam channeling, I, 150, 161 
—steam consumption, I, 159 ff 
—with superheated steam, I, 115, 141, 
151, 168 ff, 172 ff 
reduced pressure, I, 170 
—superheated vapors, I, 172 ff 
—with water, I, 112 ff, 120 ff, 142 ff, 
—disadvantages, I, 145 
—practical problems, I, 142 ff 
high pressure, I, 169 
reduced pressure, I, 171 
—water and oil separation, I, 137 ff 
mee /oil ratio in condensate, I, 96, 153, 


rae yi and steam, I, 113, 120 ff, 

14 
-——disadvantages, I, 150 
—practical problems, I, 147 ff 
reduced pressure, I, 171 

—wood material, I, 145 ff, 151 

Distillation of plants, field, i, 11, 113, 174 

Distillation of plants, trial, L 156, 158 

Pee waters—recovery of oil from, I, 
154 

—redistillation (cohobation), I, 122, 140, 

154, 158 ff 

Disttllato di bergamottella, III, 276, 281; 
tables, 278, 280 

Distillato dt bergamotto, III, 276 

Distillato di fabbrica, III, 279, 281; table, 280 

Disttllato di feccia di bergamotto, III, 266, 
278, 281; table, 280 

Disulfides, IV, 572; VI, 71 

Diterpenes I, "20 ff, 37; II, 125; (Table), LU, 


Ditka peaGcelis acid, II, 802 

Dithymoquinone, IT, 555 

Divinyl sulfide, II, 730 

Djamoe, IV, 211 

Dodecanal, see Lauraldehyde 

n-Dodecanoic acid, see Lauric acid 

n-2-Dodecen-1-al (n-1-dodecenaldehyde; 
n-1-dodecylenic aldehyde), II, 324, 326; 
III, 157 

n-1 1-Dodecenaldehyde, see n-2-Dodecen-1-al 

n-Dodecylaldehyde, see Lauraldehyde 
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SA i a aldehyde, see n-2-dodecen- | 2 BONY 2 6-dimethy]l-7-octen-6-ol, see 


Dodecy] hydroxylamine, III, 377 
n-Dodecylic acid, see Lauric acid 
Dodge test, I, 315 

Doebner reaction, II, 806 
Doggut, VI, 18 

Dorema ammoniacum, IV, 666 
Doremol, II, 387 

Doremone, i, 887 
Dracocephalum moldavica, I, 80 
Drugs—sampling, I, 234 

Drying of plant material, I, 110 
Dryobalanops aromatica, V, "261 
Dryobalanops camphora, V, 261 
Du Chesne, J., I, 6 

Dumas, J. B., I, 7 
Dyers-greenweed V, 239 
Dysoxylonene, Il, 749 


Ecuelle process of citrus oil expression, III, 
12, 22, 174, 197, 296 

Edeltanne, VI, 224 

n-Eicosane, V, 231 

Elaeoptene, V, 18, 29, Pa 

Elecampane oil, V, 

Elecampane roct—distlation, I, 159 

Elemazulene, II, 1 

Elemicin (1,2 6-trimethoxy-4-allylbenzene), 
II, 684; II, 548; IV, 142, 144, 304, 310, 
359, 542 

Elemi oil, IV, 357, 558 

Elemol, Il, 128, 268, 273; IV, 113, sa 

Eletaria cardamomum. var. B-major, V , 86, 


Bletigria cardamomum var. a-minor, V, 85 

Elettaria cardamomum var. minuscula, V, 85 

Elettaria major, V, 85, 99 

Elyonurus latzflorus, IV, 158 

Elyonurus tripsacoides, iV V, 156 

Emulsin, II, 721; V, 49, 55 

Enanthal, see Enanthaldehyde 

Enanthaldehyde (enanthal; n-heptaldehyde; 
pepieey: II, 305, $13, 807; V, 119; VI, 


be. (Table), I, 389 
Biaant c acid (heptanoic acid; n-heptoic 
acid; n-heptylic acid; oenanthic acid), 
II, 313, 377, 569, 570, 571, 572, 575; 
Ill, 468; IV, 150, 303, 305, 733; V, 
237, 397; VI, "115, 139, 140, 237 
Eneldo, aceite esencial, IV, 619 
Enfleurage, I, 189, 196; V, 324, 345 
—absolutes of” L, 196 
—chassis in, I, 191 
—evaluation of products, I, 213, 216 
—fatty corps, I, 190 
Enula campana, aceite esencial, V, 458 
Enzymatic reactions, I, 58 
Epleurum serratum, UIT, 368 
Epoxycarene, see l-A?-Caren-5,6-epoxide 
Epoxy-dihydrocaryophyllene, see Caryo- 
phyllene oxide 
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Eucalyptus crebra, IV, 509 
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Douglas, VI, 210 
oil, V I, 211 
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silver, American, VI, 231 
European, VI, 294, 228 
oil, VI, 201 
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Fire Point, I, 262 
Fischer, Karl, Method, I, 325 ff 
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I, 278 

Fractional distillation, I, 46 ff, 97 ff, 181 ff 

Fractionation columns, T, 98 ff, 

Fractionation of essential oils, I, 46, 49, 97, 
102, 178 ff, 181 ff 

Fractionation of single phase liquids, I, 100 

Frankincense oil, IV, 852 

Fraser-Brace Extractor, IIT, 60 

Freezing point, I 

Fructus lupuli, We, 129 

Fruit material —comminution, I, 106 

Fungicidal effect of essential oils, I, 81 

2-Furaldehyde, see Furfural 

Furan derivatives, IT, 697, 833 

Furan-2 3-dicarboxylic acid, IT, 686 

Furano-4’ ,5’,7,8-coumarin, see elicin 

Furanocoumarins, II 

Furfuracinic acid, “VI, 1 184 

Furfural (2-furaldehyde; ei mee : 
furfurol; furfurylaldehyde), I, 45; IT, 
867, 373, 807; III, 117, 194, 295, 283° 
326, 391, 463, 466, 503, 655, 672; IV, 
40, 43, 112, 187, 202, 297, 304, 306, "395, 
434, 436, 560, 583; V, 309, 445, 472, 474: 
VI, "38, 52, 95, 97, 175, 211, 251, 295, 
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335, 336, 
—testa for, I, 313 
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a-Furfuraldehyde, see Furfural 
Furfurol, see ral 
Furfuryl alcohol, AP ans 

—b.p. (Table), I 
Furfurylaidehyde, Je  Purfural 
Furo-4',5’,7 ,8-coumarin, see Angelicin 
6-Fury1-iso ntyl-ketone, see Perilla ketone 
Fusanol, IT, 269, ea 
Pusanus spicatus, V , 189 


Galangal—distillation, I, 159 

Galangal oil, V, 127 

Galanga officinalis, V 129 

Galbanum fruit oil, IV, 648 

Galbanum oil, IV, 646 

Galgantél, V, 127 

Galipea cusparia, III, 368 

Galipea officinalis, Ili, 863 

Galipene, II, 751; Ill, 363 

Galipol, II, 760; III, 363 

Gangen machine for expression of lemon oil, 

Gardenia, concrete and absolute, V, 355 

Gardenia cttriodora, 

Gardenia florida, V, 355 

Gardenia flower oil, I, or 

Gardenia grandiflora, V , 305 

Garlic oil, I, 18; VI, 67 

Garnier’s ‘rotary extractor, I, 200 

Gaubius, I, 19 

Gaultherta, essence de, VI 

Gaultheria procumbens, vt 8,11, 14 

Gaultherin, II, 640; VI, 11 

Gay-Lussac bottle, 1, 237 

Gené, concrete and absolute, V, 237 

“Genét d’Espagne,” V, 237 

Genievre, essence de, VI, 37 

Genista sibirica, concrete Lad absolute, V, 
289 


Genista tinctoria, concrete and absolute, V, 
239 


Geoffroy, A. J., I, 7 

Geraniaceae oils, IV, 669 

Geranial, II, 326 6, 334 

Geranic acid, II, 332, 689; III, 117, 194; IV, 
41, 43, 457, ” 458 

Geranic acid nitrile, II, 162 

Geranio de Turquia, aceite esencial de, IV, 5 

Geraniol (2,6-dimethyl-1 6-octadien-8-ol; 
2, 6-dimeth yl-2,6-octadien-8-ol), I, 23, 
32, 52, 58; II, 34, 163, 168, 169, 170 
171, 174, 175, 176, 177, 180, 182, 183, 
273, 332, 621, 686, 792, 794, 802; III; 
87, 105, 117, 156, 194, 213, 226, 241. 
243, 256, 273, Q74, 284, 327, 347, 355, 
356, 376, 377, 398, 418, 423. 428, 436, 
465, 468, 475, 502, 518, 529, 693, 756: 
IV 16, 20, 36, 42, "43, 65, 81, 107, 110, 
113, 114, 115, 137, 138, 139, 140, 142, 
144, 146, 148, 149, 151, 187, 198, 205, 
304, 308, 340, 369, 451, 456, 458, 467, 
471, 504, 505, 507, 508, 611, 514, 515, 
517, 521, 522, 527, 520, 612, 701, 703, 


Google 





—b.p. aes I, 401 
Geranium—botany, IV, 671 
Geranium, Algeria, IV, "694 
bigroot, IV 784 
Réunion, IV, 677 
Geranium absolute, IV, 711 
Geranium concrete, IV, 711 
Geranium lugubre, iv, 671 734 
Gerantum macrorrhizum, IV, é71, 734, 737; 


V, 28 
Geranium oil, IV, 671 
—chemical composition, IV, 701 
—use, 
Africa, TW 08 
Algeria, IV, 692 
Belgian Congo, IV, 718 
Bulgaria, IV, 734 
Corsica, IV, 714 
East Africa, IV, 788 
East India, IV, 6 
Egypt, IV 718 
France, IV, 712 
Indian IV, 5 
Italy, lV, 716 
Madagascar IV, 691 
Morocco, IV, 707 
North American, IV, 723 
Réunion, IV, 675 
auleaicn. IV, 690 
—physicochemical properties, IV, 687 
Russia, IV, 726 
2 eat IV 71h 
Turkish, IV, 5; V, 37 
Geronic acid, VI, 51 
Geranyl acetate, L 61; II, 177, 333, 334, 561, 
621, 627; lil, 105, 118, 194, "200, 201, 
226, 243, 256, 355, 356, 377, 428, 465, 
475, 502; IV, 17, 81, 140, 149, 198 450, 
451, 471, 504, 514, 515, 522, 529; V, 25, 


Geranyl! butyrate, III, 465, 475; IV, 113 
ney caproate, III, 465: IV, ‘17 
Geranyl de ydrogeranate, VI, 323 
Geranyl formate, II, 621; IV, "529, 722 
Geranyl formate in geranium oil, 1, 271 
Geranyl geranate, III, 118 
6-Geranyl-7-h droxycoumarin, sce Ostruthin 
Gerany] isovalerate, III, 475 
Gerany] oxide, ITT, 227 
Geranyl propionate, III, 475 
Gerany] tiglate, IV, 703 
Gerany] valerate, Ill, 465; IV, 198 
Germacrol, IV, 736 
Gesner, C., I, 5 ff 
Gingembre, essence de, V, 106 
Ginger—botany and caltivation, V, 107 
—distillation and yield, V 
—production in Jamaica, Vi tit 
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Omer ipnon on Malabar Coast, 


—production in Weat Africa, V, 118 
Ca icut, V, i: 
Cochin, V,1 
wild, VI, 145 
Gingergrass—botany, IV, 8 
Gingergrass oil, IV, 8, 18, 41 
Gingerin, V, 118 
Ginger oil, V, 106 
—chemical composition, V, 116 
ee properties, V, 116 


Gingerol V, 118 

Ginger oleoresin, V, 118 

Ginger root—distillation, I, 159 

Girard’s reagent, I, 46 

Girerevee reagents, II, 811, 814, 815, 


Girofle, essence de, IV, 396 
Glands, oil, Ns plants, I, 66 ff 
Glauber, J. R 
Glichitch Sere I, 276 
Globulol, II, 286; IV, 486, 512 
Glucochlearin, II, 738 
Glucose, V, 49, 53, 55 
Glucotrapaeolin Il, 740 
Glutaric acid, II, 688 
Glycerin—b.p. (Table), I, 407 
Glycerol, III, 126 
Glyceryl linoleate, V, 71 
Glyceryl myristate (trimyristin), V, 71 
Glyceryl oleate, V, 71 
Glycine, V, 240 
Glycols, II, 774 
Glycols in assay of flower oils, I, 215 ff 
Glycoside reaction in plant material, I, 111 
Glycosides, I, 38 
Goldenrod ep oil, V, 464 
Gomenol, IV, 538 
Gooseneck in stills, I, 124 ff 
Goudron de Bouleau, essence de, VI, 17 
Grains of Paradise, V, 104, 105 
Gramineae oils, IV, 1 
Grana Paradisi, V, 104 
Granulation of plant material 
Grapefruit—cultivation, ITI, 431 
eat efruit, Duncan, Ill, 348 
Florida common, III, 340° 
June bloom, III, 351 
Marsh seedless, III, 348, 349 
McCarty, III, 348 
pa marsh seedless, IIT, 350 
hompson, III, 350 
Walters, UI, 348 
Grapefruit blossom oil, ITI, 368 
Grapefruit j juice—canning, TH, 351 
Grapefruit leaf oil, III, 358 
Grapefruit oil, III, 847 
—chemical composition, III, 366 
Bar properties, III, 353 


ila, iL $58 


149, 162 


Google 
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Grapefruit oil, B III, 357 
distilled, IIk oo 
expressed, II, 855 

“Grapefruit oil, ”” Japanese, sce Orange 

sweet) oil, J apanese 

Grapefruit oil, North American, ITI, $47 

Grasse, France—flower oil industry, 1, 188 ff 

Gren, F. A.C. 1,7 

Grignard reaction, IT, 804 

Guaiacol, Ne 213, 384, 426; IV, 600; V, 224; 

5 


VI, 1 9, 38 
—b.p. (Table), I, 397 

Guatacum officinale, V, 197 

Guatacum sanctum, 'V, 197 

Guaiac wood oil, V, 25, 28, 197 

Guaiazulene, I, ‘34; II, 128, 129, 184, 279, 
288; II 

S-Guaiazulene (eucazulene; gurjunasulene; 
kessazulene), IT, 111, 128, 131, 134, 134, 
288; V, 261; 

Se-Guaiazulene, Tl, 128, 134, 186 

Guaiene, II, 111 130, 134, 279 

Guaiol, I, 33 ff; I, 1 128, 129, 130, 134, £78, 
756; IV, 474; V 

Guanylhydrazine, II, Bil, 813 

Guayavita, IV, 379 

Guinea grains, V, 104 

Gully ash, IV, 468 

Gum, blue, IV, 439, 452 

citron-scented, IV, 443, 472 

Gums—rosin in, Ge 

Gum spirits of ‘turpentine, see Turpentine, 
gum spirits of 

Gum trees, IV, 437 

Gum turpentine, see Turpentine, gum spirits 
) 


Gurjunazulene, II, 135 

Gurjun balsam oil, V, 259 

Gurjun balsam oil as ‘adulterant, I, 344 
a- and 6-Gurjunene, V, 261 
Gurjunene ketone, II iat , 120 
Gurjunenes, II, 119, 775 
Gynocardin, Il, 721 


Halides, I, 47; II, 780 
Halogen acids, II, 792 
Halogenation, IL, 780 
Halogens—tests ‘for, I, 307 ff; (sugg. add. 
Int.), I, 363 
H amamelidaceae oils, V. “oe 
Hamamelis vir nana, V, 26 
Hananomin, 
Hanus method, I, 306 
Hardwickia(?) mannii, V, 211 
Hartite, I, 38 
Hashish oil, J, 41 
Hasoranto wood, V, 193 
Head-to-tail union in bd bie 
Heat effect in plant dist lation 1 ss Be 
Heavy metals in essential oils, I 
add. Lit.), I, 362 


(sugg. 
Hedeoma oil, III, 583 
Hedeoma pulegioides, III, 575, 583 
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Hedychium flavum, V, 181 
Heerabolene, II, 124, 780; IV, 347 
Heerabol-myrrh oil, IV, 344 
Helenine, see Alantolactone 
Helichrysum angustifolium, V, 4867, 471 
Helichrysum angustifolium, concrete and ab- 

solute, V, 470 
Helichrysum arenarium, V, 471 
Helichrysum italicum, V, 467, 471 
Helichrysum stoechas, V, 471 
Heliotrope, garden, VI, 23 
Heliotropin, see Piperonal 
Hematommic acid, VI, 186 
Hematommic acid eT eater, VI, 187, 188 
Hematommic ester, VI, 186 
Hemiterpenes, I, 21, 50 
Hemlock, common, VI, 203 
Hemlock, eastern, VI, 203, 205, 209 
Hemlock, western, VI, 203, 206, 208 
Hemlock oil, VI, 203 

—chemical composition, VI, 208 

Hemp, Spanish grass, IV, 153 
Hendecanoic acid, see n-Undecylic acid 
2-Hendecanol (methyl-n-nonylearbinol; un- 

een) II, 156, 794; III, 384; VI, 


121 

10-Hendecen-2-ol (1-undecen-10-ol), II, 166 

Hentriacontane, III, 366 

Heptacosane, III, 366; V, 412 

n-Heptaldehyde, see Enanthaldehyde 

es debe see Enanthaldehyde 

n-Heptane, I, 41; II, 7; VI, 256, 279, 281, 
283, 285 

—b.p. (Table), I, 384 

n-Heptane-3,4-dione, dioxime of, III, 384 

Heptanoic acid, see Enanthic acid 

n-Heptanol, VI, 73 

2-Heptanol Sita Passer a sete 8eC.- 
heptyl alcohol; methyl n-amyl car- 
binol), II, 150, 375, 794; IV, 435 

Heptenol, V, 395, 397 

n-Heptoic acid, see Enanthic acid 

n-Heptyl alcohol—b.p. (Table), I, 392 

sec-Heptyl] alcohol, see 2-Heptanol 

n-Heptylic acid, see Enanthic acid 

n-Heptyl methyl ketone, see Methyl n-heptyl 
ketone 

Heraclin, see Bergaptene 

Herba schoenanthi, IV, 133 

Herb material—distillation, I, 147 ff, 151, 


Herniarin, see Umbelliferone methyl ether 
Herodotus, I, 3 

Hesperidin, III, 6 

Hesperitin, III, 200 

Hesse and Zeitschel method, I, 302 
Heterogeneous liquids—distillation, I, 88 ff 
Heteroploidy in plants, I, 76 
n-Hexadecanoic acid, see Palmitic acid 
Hexadecylic acid, see Palmitic acid 
Hexahydroagropyrene, II, 16 
Hexahydrocadalene hydrates, V, 129 
Hexahydrozingiberene, II, 88 
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Hexaldehyde, IV, 306; V, 120 

Hexanal, see n-Caproaldehyde 

n-Hexane—b.p. (Table), I, 383 

Hexanoic acid, see n-Caproic acid 

n-Hexanol, see n-Hexy] alcohol 

1-Hexanol, see n-Hexy] alcohol 

2-Hexenal, see 2-Hexen-1-al 

a,6-Hexenal, see 2-Hexen-1-al 

2-Hexen-1-al (2-hexenal; a,6-hexenal; a,f- 
hexylenaldehyde; ‘‘leaf aldehyde’’; 
at arta lak {I 306, 319; ITI, 466; 

, 112, 304, 306; VI, 62 

a,8-Hexenic acid (8-propylacrylic acid), IT, 
586; III, 657 

2-Hexenoic acid, II, 320 

a,8-Hexenol, II, 158 

B,y-Hexenol, see 3-Hexen-1-ol 

3-Hexen-1-ol (cis or trans), I, 42; II, 319, 
794, 802 

3-Hexen-1l-ol (8,y7-hexenol; “leaf alcohol’), 
I, 42; II, 168, 164, 320, 322; III, 672, 
LEAs 111, 701, 704, 722; V, 335, 397; 


B,~-Hexenyl] pheny] acetate, IIT, 656 
Hexyl acetate, III, 503 
n-Hexyl alcohol (1-hexanol), II, 148; III, 
468, 502, 511 (footnote), 672; IV, 112, 
704; V, 395, 397 

Hexylaldehyde, see n-Caproaldehyde 
a,8-Hexylenaldehyde, see 2-Hexen-1-al 
n-Hexylic acid, see n-Caproic acid 
Hiba leaf oil, VI, 324 
Hiba oil, VI, $23, 346 
Hiba wood oil, VI, 323 
Hibiscus abelmoschus, VI, 173 
Hildebrandt acid, I, 60 
Hinojo, aceite esencial, IV, 634 
Hinojo acuattco, aceite esencial, IV, 666 
Hinojo maritimo, aceite esencial, IV, 663 
Hinoki, Arisan, VI, 342, 345, 349 
Hinoki acid, VI, 348 
Hinoki leaf oil, VI, 347 

—Formosan, VI, 349 

—Japanese, VI, 347 

—use, VI, 350 
Hinoki oil, VI 841 
Hinoki root oil, VI, 843 

—Formosan, VI, 845 

—Japanese, VI, 348 

—use, VI, 360 
Hinokitiol, VI, 324, 346 
Hinoki trunk oil, VI, 847 
Hisopo, aceite esencial de, III, 436 
Hoffmann, F., I, 7 
Hofmannite, {, 38 
Homoanisic acid, II, 507 
cis-Homocaronic acid, II, 51 
Homocaryophyllenic acid, IT, 264 
Homoterpenyl methyl ketone, II, 192 
dl-Homothujadicarboxylic acid, iL, 76 
Homoveratric acid, ITI, 519 
Honduras balsam, see Balsam Honduras 
Honeysuckle, concrete and absolute, V, 387 
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Hon-sho oil, IV, 280, 281, 288, 290, 294, 298, 
300, 303, 307, 309, 320, 321, 326, 327 

Ho oil, see Ho-sho oil 

Hop-bitters, VI, 132 

Hopfendl, VI, 129 

Hop-red, VI, 134 

Hope botany, planting and harvesting, VI, 
29 


Hops oil, VI, 129 
—ch hemical comp osition, VI 
—distillation, yield and cauatity, ye VI, 134 
—physicochemical properties, VI, 136 
—use, 41 
Horsemint oil, “TI, 529 
Horseradish oil, vi, 63 
Horseweed, V, 456 
Ho-sho diterpene, IV, 316 
Ho-sho leaf oil, IV, 301, 309 
Ho-sho oil, III, 546; IV, 260, 280, 281, 288, 
290, 292, 293, 298, 300, 302, 303, 307, 
308, 309, at, 319, "320, 321, 327 
blue, IV, 314 
Ho-sho sesquiterpene, IV, 314 
Houblon, essence de, V1, 129 
Houton de la Billardiere, J.J., 1,7 
Huile de Bois, V, 259 
Humulene (see also a-Caryophyllene), II, 
107, 782, 784; VI, 139, 140 
Humulinone VI, 1 
Humulone, I, 40 ff; VI, 132 
Humulotannic ail VI, 134 
Humulus, VI, 129 
Humulus americanus VI, 130 
Humulus lupulus, V1, 129 
Huon pine wood oil, LV, 541 
Hyacinth, concrete and ‘absolute, VI, 71 
Hyacinth flower oil, I, 188 
Hyacinthus non scriptus, VI, 71 
Hyacinthus orientalis, V1, 71 
Hybridization of essential oil plants, I, 76 
Hydantoin derivatives, II, 820 
Hydrates, II, 776 
Hydration, Il, 776 
Hydraulic joints in retorts, I, 127 
Hydrazide, II, 811, 814 
Hydrazine carboxylamine, II, 811 
Hydrazines, II, 810 
Hydrazones, Il, 811, 815 
Hydrocarbons, 1, 46, 49 ff; II, 5, 745, 774 
—addition products, IT, 776 
—dehydrogenation, II, 776 
—oxidation, II, 774 
aliphatic, II, 7 
aromatic, II, 12, 763 
Hydrochlorides—preparation, II, 778 
Hydrocinnamaldehyde (benzylacetalde- 
hyde; §-phenylpropionaldehyde), II, 
856 
Hydrocinnamic acid, II, 295, 356, 724 
Hydrocinnamic acid nitrile, see Phenylethyl 
cyanide 
Hydrocinnamic aldehyde, IV, 228 
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duel ac: bane alcohol, see Phenylpropy! 
Fy crocoumarinic acid (melilotic acid), II, 


Hydrocyanic acid ormonttne: hydrogen 
cyanide; prussic acid), I, 304; II, 373, 
721; V, 49, 50, 51, 52, 53, 54, 55, 56 

Hydrodiffusion, I, 95, 104, 109, 114 ff, 121, 
157, 167 

Hydrodiherniarin, II, 667 

Hydrodistillation (see also Distillation, Dis- 
tillation of essential oils, Distillation 
of plants), I, 87 

Hydrogenation, iI, 777 

Hydrogen bromides—preparation, II, 779 

Hydrogen cyanide, see Hydrocyanic acid 

Hydrogen halides—preparation, II, 778 

Hydrogen iodides—preparation, Il, 779 

Hydrogen sulfide, th 721, 729, 730, 790 

Hydrolysis, II, 831 

pyar yee in ‘distillation, I, 114, 118, 122, 


Hydrometers, I, 237 

Hydronaphthalenes, VI, 20 

Hydrophthalide acids, IV, 653 

Hydroquinol, see Hydro uinone 

Hydroquinone one. oe ponene hy- 
droquinol), II, 549; III, 607; VI, 73 

Po ereaunone dimethyl lier. Il, 551; VI, 


Hydroquinone monoethyl ether tho 
ppene! ; p-hydroxyphenetol), II, 552; 


Hydroquinone monomethyl ether _ 
droxyanisole; p-methoxyphenol), 
479, 661 

Hearcaaanost III, 377, 378 

Hydrothymoquinone, Ill, 532, 534 

Hydroxyacetophenone, V, 231 

o-Hydroxyacetophenone '(o-acetylphenol), 

77 


a-Hydroxy aldehydes, ITI, 812 
p-Hydroxyallylbenzene, see Chavicol 
1-Hydroxy-4-allylbenzene, see Chavicol 
o-[a-Hydroxyamyl]-benzoic acid, II, 693 
l-a-Hydroxy amyl-A? -tetrahydrobenzoic 
acid (sedanolic acid), II, 694 
2-Hydroxyanisaldehyde, see ’4-Methoxysali- 
cylaldehyde 
p-Hydroxyanisole, see Hydroquinone mono- 
methyl ether 
o-Hydroxybenzaldehyde, see Salicylaldehyde 
o-Hydroxybenzoic acid, see Salicylic acid 
4-Hydroxybenzyl isothiocyanate (p-hy- 
droxybenzyl mustard oil; sinalbin mus- 
tard oil), II, 742; VI, 61 
p-Hydroxybenzyl mustard oil, see 4-hy- 
droxybenzy] isothiocyanate 
2-Hydroxycamphane, see Borneol 
8-Hydroxycarvotanacetone, II, 58 
Hydroxychavicol, see Allylpyrocatechol 
o-Hydroxycinnamic acid, II, 659 
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cis-o-Hydroxycinnamic acid (o-coumarinic 
acid), II, 660, 661 

trans-o-Hydroxycinnamic acid (o-coumaric 
acid), II, 660, 661 

o-Hydroxycinnamic acid lactone, see Cou- 


marin 
pyro auone IV, 115 
5-H ydroxycoumarin, II, 667 
7-Hydroxycoumarin, see Umbelliferone 
H deceeesumanae IT, 662 
p-Hydroxycumene, see p-Isopropylphenol 
2-Hydroxy-p-cymene, see Carvacro 
3-Hydroxy-p-cymene, see Thymol 
5-Hydroxy-2-decenoic acid lactone, see Mas- 
soilactone 
Aa aap Malta a II, 451 
2-H ydroxy-2-dihydroeremophilone, V, 192 
Hydroxy-dihydrogeranic acid, I, 
Hydroxy-dihydro-f-ionol, I, 61 
Hydroxy-dihydro-6-ionone, I, 61 
Hydroxydihydroirone, IV, 96 
2 Hiydioxy-4 6-dimethoxyacctophenone: see 
Phloracetophenone dimethyl ether 
2-Hydroxy-4,6-dimethoxychalcone, II, 544 
2-Hydroxy-4,6-dimethoxy-3-methyl-iso- 
butyrophenone, see Baeckeol 
Hydroxyeremophilone, II, 451; V, 192 
5-Hydroxyfurano-2’,3’,6,7-coumarin, see 
Bergaptol 
8-Hydroxyfurano-2’,3’,6,7-coumarin, see 
Xanthotoxol 
16-Hydroxy-7-hexadecenoic acid, see Am- 
brettolic acid 
16-Hydroxy-7-hexadecenoic acid lactone, see 
Ambrettolide 
Hydroxyhydrocarvone, II, 63 
Byactony un pester II, 683 
8- ydroxy-5-isoamylene-psoralene, II, 683 
a-Hydroxy-isobutyric acid, IT, 565 
1-Hydroxy-4-isopropylbenzene, see p-Isopro- 
pylphenol 
p-Hydroxyisopropylbenzoic acid, IT, 17 
a-Hydroxy ketones, II, 812 
Hydroxylamine, IT, 809 
Hydroxylamine hydrochloride, II, 810 
Hydroxylamine methods, I, 285 ff 
Hydroxylamino-oxime, IT, 810 
cis-8-Hydroxy-p-menthane, II, 186 
Hydroxy-4-methoxy-3-actophenone, IV, 96 
2-Hydroxy-4-methoxyacetophenone, see 
Peonol 
1-Hydroxy-2-methoxy-4-allylbenzene, see 
Eugenol 
2-Hydroxy-4-methoxybenzaldehyde, see 
4-Methoxysalicylaldehyde 
4-Hydroxy-3-methoxybenzaldehyde, see 
Vanillin 
5-Hydroxy-7-methoxycoumarin, ITI, 325 
4-Hydroxy-3-methoxy-1l-ethylbenzene, V, 
224 


1-(4-Hydroxy-3-methoxypheny]ll]-3-buta- 
none (singerone), V, 118, 119, 120 
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eles bie dct heny]]-ethyl-n-a,f- 

eptenyl ketone ‘ahiceael). V, 119, 120 

1-Hydroxy-2-methoxy-4-propenylbenzene, 

see Isoeugenol 

Hydroxymyristic acid, II, 698; IV, 562 

15-Hydroxypentadecanoic acid, see 15-Hy- 
oxypentadecylic acid 

Bere aroRy pentavecencls acid lactone, see 
xaltolide 


15-Hydroxypentadecylic acid (15-hydroxy- 
pentadecanoic acid), II, 594; VI, 374 

Hydroxypeonol, II, 543 

Hydroxypeucedanin, II, 674; IV, 655 

p-Hydroxyphenetol, see Hydroquinone 
monoethy] ether 

2-Hydroxyphenol, VI, 19 

vy-Hydroxypropyl mete sulfide, see 
3-Methylthiol propyl alcohol 

5-Hydroxypsoralene, see Bergaptol 

8-Hydroxypsoralene, see Xanthotoxol 

5-Hydroxypsoralene isoamylene ether, see 
Isoimperatorin 

8-Hydroxypsoralene isoamylene ether, see 
Imperatorin 

pyeren verpeay ie acid, II, 414 

4~Hydroxy-2,6,6-trimethyl-1-tetrahydro- 
benzaldehyde, II, 348 

Hyland-Stanford corporation citrus oil ex- 
tractor, III, 61 

Hypnone, see Acetophenone 

Hyptis suaveolens, it, 561 

Hyssop—cultivation, III, 437 

Hyssop oil, III, 436 

Hyssopus officinalis, ITI, 486 


Icica altissimum, IV, 184 

Illicin, V, 379 

Illictum antsatum, V, 361 

Illicium japonicum, V, 361 

Illictum i ip V, 361, 378 

IUicium verum, III, 373; IV, 568, 568; V, $61 

Illurin balsam, V, 211 

Imino compounds, II, 725, 833 

Immortelle, V, 470 

Impératotre, essence ad’, 1V, 654 

Imperatoria, aceite esencial, IV, 654 

Imperatoria ostruthium, IV, 559, 664 

Imperatorin (8-Hydroxypsoralene isoamyl- 
ene ether; xanthotoxol isoamylene 
ether), II, 660, 666, 683; IV, 562 

allo-Imperatorin, II, 683 

Inchi grass, IV, 132, 133 

Inchippul, IV, 134 

Indole (1-benzazole; benzopyrrole), I, 18; 
IT, 725, 728; III, 242, 243, 256; V, 132, 
328, 329, 330, 331, 332, 333, 334, 337, 
352, 357 

Ingwerél, V, 106 

In oil, V, 259 

Inula helenium, V, 458 

Iodides—preparation, II, 781 

Iodine, II, 780 
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Iodine number—determination, I, 305 
p-lodobenzhydrazide, II, 814 
p-lodobenzhydrazones—preparation, IT, 814 
4-Iodo-diphenyl-4’-isocyanate, II, 799 
Teeter II, 148, 374 
Todoform teat, I, 339 
p-lodophenacyl bromide, II, 828, 830 
p-lodophenylisocyanate, "IT, 824 
a-lIonone (a- cyclocitrylideneacetone; 
4-(2,6,6-trimethyl-2-cyclohexen-1-yl]- 
3-buten-2-one), II, 468, 460; III, 367; 
V, 231, 450 
B-Ionone CORRAL EU ooh al bapa an 
pienooney LL -cyclohexen-1-yl]- 
3-buten-2-one), II, 468, 460; ITI, 366, 
367; V, 4 
y-Ionone, V, 450 
pseudo-Ionone (¥~-ionone), ITI, 459 
Sa (pseudo-ionone), Il, 459 
onone ring, II, 484 
Ionones, I, 31, 00 fi II, 335, 448, 495; IV, 
’ } , ol 
Ionones—se tye II, 462 
Ipomoeol, I 
Irene, II, 472; VI, 87 
Tridaceae oils, VI, "7 
Iridine, VI, 87 
Irigenine, VI, 87 
Iris, essence d’, VI, 79 
Iris ‘florentina, VI, 79 
Iris germanica vi, 79 
Iris pallida, V1, 79 
Irol, II, 472; VI, 98 
Ironbark, IV, 450, 459 
red flowering, IV, 458 
Irone, VI, 84, 88, 92, 93, 98 
natural, Il, 469 
e-Irone, II, 470; VI, 87, 98, 99, 100, 101, 
102, 104 
f-Irone, ‘TL, 471; VI, 87, 99, 100, 108, 104 
Irone Il, 470; VI, 87, 98, 99, ‘100, 104 
drone absolute, VI, 85 85, 90 
Irones, II, 466, 495; VI, 83, 86, 88, 91, 92, 
93, 96 


—composition, VI, 98 
—isomerization, VI, 99 
—stereoisomerism, VI, 99 

Ishwarene, II, 761 

Ishwarol, II, 7 760 

Ishwarone, II ee 

Isoacorone, VI, 116 

Isoalantolactone (isohelinine), II, 691; V, 


ieee acetate, III, 475 

Isoamyl alcohol (2-methyl-4 butanol; 3- 
methylbutanol), I, 55; II, 147, 643; 
III, cy 616, 633, 672; IV, 111, 484, 
704; V 437 

—hb.p. (Table), I, ag 

Isoamy] angelate, V 

Isoamyl opal p. o Table), I, 405 

Isoamyl] butyrate, III, 475; IV, 471 

Isoamy] formate—b.p. (Table), I, 387 
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Isoamy] isovalerate, III, 475 

Isoamy! propionate, III, 475 

Isoamyl salicylate (salicylic acid isoamy] 
ester), II, 643 

Isoanethole II, 510; III, 403 

Isoapiole, I , 538 

—b.p. (Table), I, 408 

Isoartemisia ketone a 5,5-trimethy]-2,6- 
heptadien-4-one), II, 886 

iadaurantene. II 


ess 674 
Isobergaptene, I Il, 68 
Isobetel phenol, II, O15 
Isoborneol, II, 66, 67, 69, 239, 240, 241, 243, 
ane 247, 430, 434, 630, 777, 792; VI, 


Isobsrneol esters, II, 430 
Isoborny] acetate, II, 246, 680; VI, 217, 278 
Isoborny] acid phthalates, II, 245 
Isobornylane, I, 2 
Isoborny] chloride, Tl, 66, 67, 778 
Isoborny]- l-menthylcarbamate II, 245 
Tea Pee anne ae, vi, 278 
acetate, III, 475 
a (Table), I, 386 
Isobuty! alcohol (isopropylearbinol: 2-meth- 
ylpro anol), oe 146; III, 475; IV, 111 
—b.p. (Table), I, 385 
Isobutylaldehyde, II, 807 
Isobutylamine, Ul, 378 
Isobuty] benzoate—b. p. (Table), I, 402 
ey butyrate, III, 475 
p. (Table), 1, 390 
Isobutyi carbinol, IIT, 672 
Isobuty] formate—b. p. (Table), I 
Isobuty] isobutyrate—b.p. (Tobie) 389 
Isobuty] isovalerate, III, 475 
-Beciaieel phertol—b.p. (Table), I, 402 
sane propionate, I I, 475 
p. (Table), I, 388 
tsobuthi valerate—b. p. (Table), I, 391 
n-Isobutyraldehyde, VI, 62 
Isobutyric acid («-methylpro anoic acid), 
Il, os pg a0 206, 303, 305, 589, 
655; V 37 
». (Fable), 1 I, 
ecu IT, 92, vi 95, 776, 777, 778 
Isocalamol, II, ‘BAL 
Isocamerene, II, 753 
Isocamphane, I, 30 
Isocamphoric acid, II, 606, 607 
Isocamphoronic acid, IL, 434, 437 
Isocaproic acid— niaes (Table), I, 395 
Isocarvomenthol, I 
Isocedrene dicarboxylic * nhydride, II, 117 
Isocedrenol, II, 117 
Isochamene, Il, 745 
Isochavibetol, II, 515 
Isochavicinic ‘acid, 3” 145, 146 
Isocitral, II, 26 
Isocostene, i, 757 
Isocroweacin, Il, 534 
Isocryptomeriol, VI, 315 
Isocyanates, II, 798 
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Isodihydrocarveol, IV, 583 

Isodiprene, see A -Carene 

Isoelemicin, IT, 534, 535; IV, 142 

Isoeugenitol, IV, 4 427 

Isoeugenol (- hydroxy-2-methoxy-4-pro- 
penylbenzene; i a a att 
henol; 4-propenylguaiacol), 621 
24: IV, 413, 425, 428; V, 78, 79, 308, 
309, 357, 380 

—b.p. (Table) I, 405 

Isoeugenol methyl ether, see Methyliso- 
eugenol 

Isofenchene, see 3-Fenchene 

Isofenchol, see Isofenchy] alcohol 

Isofenchone, II, 421 

Isofenchyl acetate, II, 71, 777 

Isofenchyl alcohol (isofenchol), II, 71, 72, 
74, 255, 421, 422, 777 

Isofenchyl chloride, I, 71, 72 

Isofenchylxanthates, I, 71, 74 

Isofokienene, II, 755 

Is0-a-gurjunene, II, 120 

Isohelenine (isoalantolactone), IT, 691 

Isoheptylic acid, III, 585 

g-Isohexenyl-furan, see Perillene 

Isohydroxycuminic acid, II, 504 

Isohydroxypeucedanin, II, 674 

Isoimperatorin (bergaptol isoamylene ether; 
5-hydroxypsoralene isoamylene ether), 
II, 660, 684 

Iso-a-irone, VI, 100, 104 

Isoirones, VI, 100 

Isolariciresinol, I, 44 

Isolates—boiling ‘points (Tables), I, 379 ff 

eee I, 229 ff; (sugg. add. Int.), I, 


Isolimonene [2,8(9)- dP snee eis 1-meth- 
\4-isopropenyr 2-cyclohexene], II, 29; 
1 


Isomenthol, II, 216, 218, 221, 222, 399, 417; 
III, 650, 651 

Isomenthone, II, 216, 390, 391, 423; ITI, 
578, 579, 580, 581, 585, 656, 672; IV, 
700, 701, 705, 721, 722, 737 

Isomyristicin (1, 2-methylenedioxy-6-meth- 
oxy-4-propenylbenzene), II, 532; IV, 
631 


Isopentene, I, 20 

Iophylloladone (ae also Diterpene Table), 

Isopimpinellin (5,8-dimethoxyfurano,2’ 
6,7-<c 7-coumsrin), II, 660, 676, 682, é8i; 


fain aT, 72 

Isopinocampheol, II, 442 

Isopinocamphone, il, 442, 443 

Isopiperic acid, V, 145, 146 

Isopiperitenone (1, 8(9)-p-menthadien-3-one; 
1-methyl-4-iso ey eS Teor 
one], II, 417; III, 578, 58 

Isoprene, I, 20, 25, 51 ff; IL, 7, ”128, 386; VI, 


Isoprenoids, I, 19 ff 
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4-Isopr ony ict cy cro sexenaldenyde: see 

erillaldeh dehyde 

4-Isopropenyl-1-cyclohexenecarbinol, see 

erillyl alcoho 

2-Isopropeny]l-5-methyl-4-hexen-1-ol, see 
Lavandulol 

Isopropyl] acetic acid, see ately acid 

Isopropyl alechol—b. tt 8h7 (Table), I, 

Isopropylaldehyde 

Ieee ibcieald none. see Cumaldehyde 

p-Isopropyl benzoic acid, I, 27 

pteopropyibensy) alcohol, see Cuminyl al- 
coho 

Isopropylcarbinol, see Isobuty] alcohol 

Isopropyl cycloheptatrienolone VI, 3 

4-Isopropyl-2-cyclohexen-1-al, IV, 454 

ee aby hg -cyclohexenaldehyde, see  Phel- 


4-Isopropyl-2-cyclohexen-1-ol, see Cryptol 

4-Isopropylcyclohexen-2-one, 1a 75 

4-Isopropyl-2-cyclohexen-l-one, see Cryp- 
tone 

1-Isopropyl-1,2- cc opropenediearboxyue 
acid, , 441 

Isopropyl! lutaric acid, II, 389, 407 

Isopropylidenacetic ‘acid (B, B- -dimethy]- 
acrylic acid; B-methylcrotonic acid; 
senecioic acid), II, 583, IV, 655 

3-Isopropyliden-1-acetyl-5-cyclopentene, IV, 
488 


Isopropyl isobutyrate—b.p. (Table), I, 387 
4-Isopropyl-1 -methylene-2-cyclohexene, II, 


46 
as ae Gani rane p-cumenol; 
roxycumene; 1 ‘bydroxy-4-isopro- 
pvlbenseney, IT, 499; IV, 450, 455, 461 


506 

Isopulegol [8(9)-p-Menthen-3-ol; 1-methyl- 
4-isopropenylcyclohexan-3-oll, I, 62; II 
182, 208, 340, 792, 802} IV, 42, 48, 478 


Isopulegol acetate, II, 341 
Isopulegol formate, Il, 338 
ase is [8(9)- p-menthen-3-one; 1-meth- 
via o enylcyclohexan-8-one], II, 
104; 1 
Isosafrole (1, Oatley leicdiniey eeeabeant 
benzene; propenylpyrocatecholmethyl- 
ene ope IT, 528, 629; IV, 318; V, 308 
—b. p. (Tab le), I, 404 
Isothiocyanallyl, see “Ally! isothiocyanate 
Isothujone, II, 249, 423, 424, 428 
Isothujyl alcohol, II, 249 
Isovaleraldehyde (isovaleric aldehyde; 3- 
sane oor 2-methyl-n-butyralde- 
eee 51, 54, 55, 62; IT, 305, 311, 
; III, 466, 529, 616, 633, 657; IV, 
6. 40, 43, 112, 187, 304, 306, 449, 452, 
459, 463, 471, 477, 516; V, 185; VI, 62 
Isovaleric acid (isopropyl ‘acetic acid; B- 
methylbutanoic acid; §-meth yl-n-bu- 
me acid), I, 53; II, 312, 384, 449, 566, 
; IIL, Bid 467, 526, 616, 657, 672; 
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IV, 43, 206, 303, 305, 648, 652, 655; 

V, 469, 474; VI, 25, 26, 27, 28, 31, 34, 

39, 133 134, 135, 137, 329, 365 
Isovaleric aldehyde, s see Isovaleraldehyde 
asin as I, 35 ff; II, 81, 87, 91, 261, 


ass” ta adas dibydrochloride, II, 87, 91, 
Iva liqueur, V, 425 


Iva oil, ys 426 
yyeotee 
khir, IV, 133 


Jaborandi leaf oil, III, 374 
Jara, 
asmal, v, 334 

Jasmin, deutaches, V, 407 

Jasmine—botany, V, "319 
—cultivation, Egypt, V, 322 
—cultivation, France, V, 820 
—cultivation, Italy, V, Sel 
—cultivation, , Morocco, V, 828 
—enfleurage, V 
—extraction, Vs se 

Jasmine, concrete and absolute, V, 319 
—absolute of chassis, V, 383 
—absolute of enfleurage, V, 882 
ores and absolute of extraction, V, 

2 


—physicochemical properties, V, 827 
—use, V, 337 
Jasmine absolute—adulteration, I, 217 ff 
Jasmine eo oil, I, 188 ff, 192, "194, 198, 


Jasmine flower oil—chemical composition, 
—use, V, 337 
Jasmine pomade—rancidity, I, 217 
Jasminum officinale, V, 319 
Jasminum officinale var. grandiflorum, V, 
19 


8 
Jasmone Sey ae pee 
bee cian? 
6, 619, 620; IV 488; V, 834, 336, 358 
Java lemon olie, IV, f 187 
Jingibre, aceite esencial, V, 106 
Jonquil, V, 349 
Jonquil, concrete and absolute, V, 361 
Jonquil flower oil, I, 188 
Juchtenél, VI, 18 
Juncus odoratus, IV, 133 
Junene, II, 746; VI, 380 
Junipene, II, I, 768 
Juniper, dwarf, VI, 374 
Juniper, mountain, VI, 374 
Juniper, prickly, VI, 374 
Juniper berries, VI, 370 
—adulteration, VI, S874 
—hbotany, VI, 37 
—chemical eee VI, 374 
—collection, VI, 370 
—distillation, I, a VI, 874 


—quality, VI, $7 
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Juniper berry oil, VI, $70 
—chemi composition, VI, $79 
—distillation and yield, VI, S74 
—physicochemical properties, VL 376 
—use, VI, 381 

Juniper camphor, VI, 381 

Juniperene, IT, 761 

Juniper hydrate VI, 381 

Juniperic acid, II, 595 

Juniperin, VI, 374 

Juniperol, II, 761 

Juniper stearoptene, VI, 381 

Juniper tar, V 

Juniperus communis, VI, $70, 379 

J mee communis var. depressa, VI, 370, 


Juniperus communis var. erecta, VI, 870 
Juniperus communis a ae VI, "374 
Juniperus mexicana, VI 
Juni erus oxycedrus, VI, ore 881 
rry oil, VI, 381 
a composition, VI, 385 
= eupyeeumene wood oil (cade oil), VI, 


4 
—leaf oil, VI, 382 
—physicochemical pro 
—steam-distilled w oil, VI 
—use, VI, 386 
Juniperus phoenicea, VI, 386, 388 
Juniperus procera, VI, $68 
Juniperus sabina, VI, $86 
Juniperus thurifera var. a, VI, 386 
Juniperus virginiana, ITI, 717; V1, 325, 329, 
358, 367, 368 


Kachi grass, IV, 134, 186, 141 
Kachri 9 oil, V, 125 oe 

aempferia g , V, 130 
Kafur, IV, 258 ne 
Kamakshi grass, IV, 134 
Kamillendl, V, 489 
Kanyin oil, V, 259 
Karbouw berries, V, 155 
ah ca concrete and absolute, V, 
Katzenminzél, III, 434 
Kaurene (see ‘also ‘Diterpene Table), II, 125 
Kekulé, F. A., I, 8 
Kentjeor (Kaempferia galanga), V, 130 
Kerosene, see Petroleum 
Kessazulene, see S-Guaiazulene 
Kesso glycol, II, 288, 289; VI, 31, $2 
Kesso glycol anhydride, VI, 
Kesso glycol diacetate, II, 288, 289 
Kesso glycol hydrate, VI, 32 
Kesso kanokoso, VI, 28 
Kesso root, VI, 26 
Kesso root “oil, VI, 28 
Kessyl acetate, Il, 289; VI 
Kessyl] alcohol, Il, 135, 283; ne ‘80, 31, 32 
Kessyl alcohol. acetate, TL, 238 
d-Ketocaprinic acid il, 
5-Ketocarane, see arone 
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2-Ketodecylic acid, II, 166 
Ketomethylene compounds, IT, 807 
Ketone formation in plants, I, "42 
Ketones, II, 371, 765, 774, 804 


—determination, I, 47, 279; (sugg. add. 


Int.), I 
—molecular qeenne (Table), I, 288 
aliphatic, II, $73 
saturated, II, 
unsaturated, II, 881 
aromatic, II, 474 
large ring, il, 489 
miscellaneous, II, 480 
of doubtful constitution, II, 494 
sesquiterpene, IT, 
terpene, icyclic, rw 418 
cyclic, TI, 888 
monocyclic, II, $88 
l-Ketonic acid, IT, 225 
3-Keto-sabinane, see Thujone 
Ketoximes, II, 810 
Khaki bush, V, 478 
Khas-khas, IV, 156 
Kiganene, Tl, 148; VI, 315 
Kiganol, II, or; VI, 315 
Kinsho oil, VI, $11 
Kirschloorbeerél, V, 54 
Kleber and von ’ Rechenberg method, I, 294, 


296 
Kobushi oils, VI, 125 
Koellia tncana, Ill, 691 
Koellia lanceolata, {II, 692 
Kokher cloves, IV, 397, 406, 407, 411, 412 
Koyamaki oil, VI, S11 
Krauseminzél, Ill, 676 
Kimmelél, IV, 578 
Kuromatsuol, II, 761 
Kuru-ezo-matsu, VI, 217 
Kusunoki, IV, 280, 281, 300 
Kusunoki-damasht, IV, 281 
Kuth, V, 446 


Labdanum—gum, VI, 46 
Labdanum, concrete and absolute, VI, 48 
Labdanum leaf oil, VI, 49 
—chemical composition, VI, 51, 52 
Labdanum oil, VI, 45, 47 
—chemical composition, VI, 50 
Labdanum resinoid, VI, 47 
Labiatae oils, ITI 393 
Lactarazulene II, 128 
Lactic acid II, 565 565 
Lactones, I, 271; II, 657, 659, 767, 833 
Ladaniol, VI, 1 
Ladanos, VI, 4 45 
Laevulinic acid, II, 170, 176 
Lambertol, VI, 283 
Lancene, II, 761 
Lanceol, II, 270; V, 191 
Lanosterol, I, 
Lansol, IT, , 752 a 
Laranja cravo, 
Laranja selecta, II, 121 
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Lauraceae oils, IV, 1 

Lauraldehyde. (dodesandl: n-dodecylalde- 
ey lauric aldehyde; laurylalde Ret 

$817, 324; III, 104, 157, 200 

213, 328; VI, 298, 285 

Laurel cerezo, aceite esencial, V, 54 

Laurel de las hojas, aceite esencial de, IV, 204 

Laurel leaf oil, IV, 204 

Laurel oil, lil, 746 

Lauric acid (n-dodecanoic acid; n-dodecylic 
acid), II, 317, 576; rer 106, 213, 378, 
384; IV, 308, 305; , 341, 347 

Lauric acid amide, ttl, 87 

Lauric aldehyde, see De 

Laurier, essence de, IV, 20 

Laurier cérise, essence de, V, 54 

Laurocerasin, IL, 721 

Laurol, IV, 304, 310 

Laurus nobilis iv, 204, 378 

Laury! alcohol, III, 328 

Laurylaldehyde, see Lauraldehyde 

Lavande, essence de, III, 440 

Lavandin—cultivation UL, 493 

Lavandin absolute, ITI Il, 49 

Lavandin concrete, Ill, 190 

Lavandin oil, III, 463, ‘498 

—chemical composition, III, 500 
i ncaa properties, ITI, 497 


ica, Ti 496 
Lavandula burmanni, III, 618 
Lavandula dentata, Ill 518 
Lavandula hybrida, Ill, 442, 492, 499 
Lavandula intermedia, III, 
Sak as latifolia, UI, 442, 492, 500, 504, 


Lavandula officinalis, ITI, 440, 465, 492, 500 
Lavandula "ay aneem var. delphinensis, IIl, 


441 

Lavandula officinalis var. fragrans, III, 442 

Lavandula officinalis X l. latifolta, III, 442 

Lavandula pedunculata, III, 61 

ee pedunculata var. atlantica, III, 
51 

Lavandula spica, IIT 504, 512 

Lavandula stoechas, III, 513, 614, 516 

Lavandula vera, Ill, 44} , 5l 6 

Lavandula vera com II, 488 

Lavandula viridis, IIT, 618 

Lavandulol (2, 6-dimethyl-5-methylol-2, 6- 
heptadiene; 2-isopropenyl-5-methyl-4- 
hexen-1-ol), I, 28, 63; II, 111, 177, 802; 
III, 465, 468, 501 

Lavender—eltivation, III, 447, 476, 481, 


—distillation, I, 112 ff, 155, 175 
Lavender, dwarf Munstead, III, 480, 482 
giant blue, III, 480, 482 ” 
Id English, Il, 482 
romero santo, III, 515 
Lavender absolute, III, 470 
Lavender concrete, III, 470 
Lavender oil, III, 440, ll 
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Lavender oil—history, I, 5 ff 
—terpin ae nt 336 ff 
—use, I I, 4 
American, it, 488 
Argentine, Ill, 490 
Australian, rit, 438 
East African, itt 4 489 
English, Se 480 
French, ITI, ” 448 

Deeg Ill, 


—chemical co sposion, III, 46 
—distillation, ITI, 453; Table, Mic 455 


— hysicochemical properties, Ill, 460; 


able, III, 455 
—production total, ITI, 459 
—yield, III, 458 

French, extracted, rie 470 
Hungarian, III, 476 
Indian, IV, 344 
Italian, III, 472 
Russian, III, 474 
South African, III, 488 
synthetic, IV, 319 
Lawang bark oil, IV, 211, 213 
“Leaf alcohol,” see 3-Hexen-1-ol 
“Leaf aldehyde,” see 2-Hexen-1-al 
Leaf a aa I, 147, 149, 151, 
1 
Ledene, II, 281 
Ledol (ledum camphor), IT, 129, 280; VI, 51 
S-Ledum azulene, IT, 281 
Se-Ledum azulene, Il, 281 
Ledum camphor, see Ledol 
Pallas oe V, 201 
Lemery, N. 
Teme eaiivatinte IIT, 89 
sac an tah aves TIT, 331 


ka, ITI 
galego, 11 Ill, ‘iid 
isbon, II 
verna IL. 110 
villa franca, IIT, 112 
Lemoncillo, IV, 379 
Lemongrass—botany, IV, 23 
—distillation, I, 108 
Lemongrass, East Indian, IV, 24 
Guatemala, IV, 46 
Lemongrass oil, IV, 20 
Africa, IV, 
Belgian Congo, IV, 61 
Brazil, IV, 6 
Caucasus TV, 64 
Comoro Islands IV, 87 
East Indian, IV, 21, 24 
—chemical composition, IV, 86 
—physicochemical properties, IV, 83 
—use, IV, 36 
Florida, IV, 54 
Guatemala, IV, 44 
Haiti, IV, 49 
Honduras, IV, 61 
Indo-China, IV, 63 
Madagascar, IV, 87 
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Lemongrass oil, Paraguay, IV, 58 
Puerto Rico, IV, 58 
Seychelles, IV, 60 
Tanganyika, IV, 59 
Uganda, IV, 60 
Weat Indian, IV, 21, $7 
Lemon leaf oil, III, 116 
ey (Meyers) oil, III, 324; (Tables), III, 


Lemon mint oil, III, 588 

Lemon oil, III, 81 

Lemon oil—fractionation, I, 221 
Bi e a 101 


mah. iL ‘87 
Brazilian, Ill, 118 
California Ill, 75, 82 
Italian, III, 88 
—adulteration, ea 102 
—analysis, III, 1 
—chemic composition, III, 108 
—citral content, ITI, 9 
—expression, Ill, 22. ‘able, Itt, 32 
—physicochemical properties, II, 99; 
tables, III, 93, 94, 95, 96, 98, 99 
—quality variations, II, 92 
concentrated, III, table, 108 
sesquiterpeneless, TH, 107 
terpeneless, III, 107; ‘table, III, 108 
Palestinian, ITI, 118 
Spanish, Ill, 110 
aaa and lemon oils, Verdell:, IIT, 90, 93, 


Lemon-scented gum, IV, 472 

Lemon thyme oil, II, 745 

Lenabatu, IV, 67, 83 

Leptactina senegambica, V, 356 
Leptospermol, see Leptospermone 
Leptospermone (leptospermol), II, 488 
Leptospermum citratum, IV, 526 
Leptospermum citratum var. “A,” IV, 688 
Leptospermum citratum var. “B, ” Iv, 528 
ae? kes flavescens var. citratum, IV, 


Leucine, I, 55 

Levistico, aceite esencial IV, 649 
Levisticum officinale, I 

Levulinic al ehyde, II, 676 
Libocedrene, II, 752 

Licareol, IV, 186, 339 

Lichen acids, VI, 180, 183 
Lichenol, VI, 187 

Liebstockél, IV aod 

Lightwood, VI, 29 

Lignum vitae, V, oon 

Ligusticumic acid, II, 609, 693 
Ligusticum lactone, lt 609, 693 
Likari kanali, IV, 1 

Lilac, concrete er ahasluke’ V, 388 
Inliaceae oils, VI, 66 

Talium candidum, VI, 78 

Lily, concrete and abeolute, VI, 78 
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Liquidambar, V, 249, 251 

Laquidambar orientalis, V, 248 

Itquidambar styraciflua, V, 2 249 

Liquidambar styraciflua var. macrophylla, V, 
2 


49 
errr aed styraciflua var. mexicana, V, 


Liquidene, ITI, 747 
Ttrio mont Florencia de la Raiz, aceite esencial, 
79 
Liveche, essence de, IV, 649 
Lo Castro machine for ‘handpressing of citrus 
Oo 

isactobas II, 121, 780; VI, 285, 287 fn. 

Longoze, concrete and absolute, V, 181 

Lonicer, A., I, 5 

Lontcera caprifolium, V, Da 

Lonicera gigantea, V, 

peerless IV, Pes 

Lovage, IV, 649 

Lovage herb oil, IV, 668 

Lovage oil, IV, 649 

Lovage root—distillation, I, 110, 159 

Lovage seed oil, IV, 658 

“Love-in-a-mist, u VI, 165 fn. 

Lo Verde lemon machine, III, 22 

Luparenol, II, 762; VI, 139 

Luparol, II, 766; VI, 134, 137, 139 

Luparone, II, 765; 5; VI, 139 

Lupine, concrete and absolute, V, 239 

Lupinus luteus, V, 2 

Lupulin, VI, 129, 130, 134, 135, 138 
—composition, VI, 182 

a-Lupulinic acid, VI, 132 

8-Lupulinic acid, VI, 132 

Lupulo, aceite esencial, VI, 129 

Lupulone, VI, 132 

Lupulus, VI, 129 

Lusitanicoside, IT, 505, 506 

Lutein, III, 367 

Lycopene, i, 39 ff 

Lygeum spartium, IV, 158 


Maali alcohol, II, 761 
Mace—botany, v 59, 64 
—distillation, V, 72 
—producing regions and qualities, V, 60 
Banda, V, 61 
Bombay V, 81 
East Indian, V, 60, 65 
false, V, 81 
Java estate, V, 61 
Macassar, V, 81 
Papua, V, 61, 81 
Siauw, V, 61 
West indian, V, 62, 67 
wild, V, 81 
Macene, V, 77 
Mace oil, V, 59 
—chemical composition, V, 76 
aac properties, V, 76 


—use, V, 7 
Maceration, 7? 190, 198 ff, 213 
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Machilol, see Eudeamol 
Macis, essence de, V, 59 
M acisél, V, 59 
Macrocarpol II, 761; VI, 340 
Macropone, IV, 461 
Magnoliaceae oils, V, $59 
Magnolia flower oil, V, $82 
Magnolia gra andiflora, V, 882 
Magnolia leaf oil, V, $83 
Magnolia oil, V, 3 388 
Mahapengiri, IV, 67, 82 
Sapa IV, 146 
ajorana hortensis, IIT, 619 
gueta, IV, 37 9 

Meets acid, VI, 374 
Maleic anhydride I, 47 ff 

—b.p. (Table), 1, 395 

hee ae II, 786, 787, 823 
Mallee, blue, I 

brown, IV, 461 

bull, IV, 462 

green, IV, at 

red, IV, 4 
Mallees iv. 438, 443, 459, 461 
Malol, tI, 7 
Malonic had esters, II, 792 
Malvaceae oils, VI, 1 71 
Mana grass, IV, 67, 84, 138 
Manah, IV, 729 
Mandarin, Mexerica, III, 337 
Mandarin leaf oil, IIT, 846 
Mandarin oil III, 338, 836 

Brazilian, III, $88 

Italian, Il, 337 
Mandarin petitgrain oil, III, 345 
l-Mandelic acid nitrile, V, 54, 
Mandelonitrile-gentiobioside V, 49 
Manometers, pressure, I, 183 
Manzanilla Alemana, aceite esenctal, V, 


488 
Manzanilla Romana, acette esencial, V, 488 
Maquenne block, I, 256 
Maracaibo balsam, see Balsam Maracaibo 
Marigold, V, 477 
Marigold, Mexican, V, 478 
Marjolaine, essence de, III, 619 
Marjoram oil, III, 619, 746 
Marjoram (sweet)—cultivation, III, 521 
Marjoram (sweet) oil, III, 519, 526. 
Marjoram (wild) oil, III, ! 519, 526, 542 
Marmelosin, II, 683 
Maroniol, I, 764 
Massoia aromatica IV, 211 
Massoi bark oil, IV, 211 
Massoilactone (lactone of 5-hydroxy-2-de- 
cenoic acid), II, 688; IV, 211, 213 
Masterwort, IV, 5 , 558 
Masterwort oil, W. 559, 654 
Mastiche oil, V, 169 
Mastic oil, V, 169 
Matairesinol, I, 43 
Matico camphor, II, 762; V, 158 
Matico oils, V, 157 
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Matricaire, essence de, V, 438 
Matricaria chamomilla, V, 434, 438 
Matricaria ester, V, 443, 459 
Matricaria tnodora, V, 443 
Matsutake-alcohol, see 1-Octen-3-ol 
Mawah oil, IV, 728 
Meisterwurzél, IV, 654 
Mejorana, aceite esencial de, III, 519 
Mejorana silvestre, III, 519, 525 
Melaleuca alternifolia, IV, 529 
Melaleuca bracteata, IV, 540 
Malaleuca cajeputi, IV, 542 
Melaleuca leucodendron, IV, 535, 542 
Melaleuca linaritfolia, 1V, 529, 532 
Melaleuca maideni, IV, 535 
Melaleuca minor, IV, 536, 642 
Melaleuca smithit, IV, 535 
Melaleuca trichyostachya, IV, 541 
Melaleuca viridiflora, 1V, 535, 587, 542 
Melalilol, IV, 534 
Melilotic acid (hydrocoumarinic acid), II, 
661 


Melisa, aceite esencial de, III, 396 

Melissa officinalis—cultivation, IIT, 395 

Melissa oil, III, 395 

Mélisse, essence de, III, $96 

Melissenél, III, 396 

Melting point, I, 254 ff; II, 1 

Menta piperita, aceite esencial de, III, 586 

Mentha aquatica, III, 586, 587, 640, 683 

Mentha arvensis, I, 68; III, 613, 618, 620, 
640, 641, 645, 652, 658, 661, 664 __ 

ae eer I, 343; (sugg. add. Int.), 

Mentha arvensis var. glabrata, III, 588, 640 

Mentha arvensis subsp. haplocalyz var. ptp- 
erascens, III, 588, 640, 663 

Mentha arvensis subsp. haplocalyz var. sa- 
chalinensis, III, 663 

Mentha arvensis var. piperascens, III, 640, 
645, 658, 664, 672 

Mentha cablin, III, 553 

Mentha canadensis, III, 588 

Mentha canadensis var. glabrata, III, 640 

Mentha canadensis var. piperascens, ITI, 640 

Mentha citrata, III, 683, 686 

1,8(9)-p-Menthadien-7-al, see Perillaldehyde 

1,8(9)-m-Menthadiene, see Sylvestrene 

6,8(9)-m-Menthadiene, see Sylvestrene 

1,3-p-Menthadiene, see a-Terpinene 

1,4-p-Menthadiene, see y-Terpinene 

1,4(8)-p-Menthadiene, see Terpinolene 

1,5-p-Menthadiene, see a-Phellandrene 

1(7),2-p-Menthadiene, see 6-Phellandrene 

1(7),3-p-Menthadiene, see 8-Terpinene 

1,8(9)-p-Menthadiene, see Limonene 

2,8(9)-p-Menthadiene, see Isolimonene 

Menthadienes, I, 24 ff; II, 19 

p-Menthadienes, II, 20; VI, 297 

OG) ee ca een see Perillyl alco- 

) 


Paley ene cteede oe see Carveol 
1,4(8)-p-Menthadien-3-one, see Piperitenone 


Google 
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1,8(9)-p-Menthadien-3-one, see Isopiperite- 


none 
6,8(9)-p-Menthadien-2-one, see Carvone 
Mentha japonica, III, 663 
Mentha longifolia, U1, 586 
Menthane, I, 24 
o-Menthane, II, 18, 19 
m-Menthane, Il, 18, 19 
p-Menthane (1-methyl-4-isopropylcyclohex- 
ane), II, 18, 19; VI, 295, 297 
p-Menthane-1,4-diol, see Terpinene-terpin 
p-Menthane-1,8-diol, see Terpin 
p-Menthane-1,2,4,5-tetrol, II, 40 
p-Menthane-1,2,4,8-tetrol, II, 30 
p-Menthane-1,2,3-triol, IV, 465 
p-Menthane-1,2,4-triol, II, 199 
p-Menthane-1,2,8-triol, II, 192 
p-Menthane-1,3,4-triol, II, 197 
p-Menthane-1,4,8-triol, II, 195 
Menthane-2,8,9-triol, II, 207 
fenthanol, VI, 298 
2-p-Menthanol, see Carvomenthol 
3-p-Menthanol, see Menthol and Neomenthol 
8-p-Menthanol, see Dihydro-a-terpineol 
p-Menthan-2-one, II, see Carvomenthone 
p-Menthan-3-one, see Menthone 
Cee es 9-diol, II, 409 
fentha piperita, III, 586, 613, 640, 641, 
mere piperita nigra var. Mitcham, III, 


Mentha piperita var. officinalis, III, 588, 
28 


Mentha piperita var. officinalis forma pal- 
lescens, III, 628 

Mentha piperita var. officinalis forma ru- 
bescens, III, 628, 631 

Mentha piperita var. ptedmontese, III, 625 

Mentha piperita pro parte, III, 587 

Mentha piperita var. vulgaris, III, 587, 621, 
625, 628 

Mentha pulegium, III, 576, 584 

Mentha pulegium var. eriantha, III, 576 

Mentha pulegium var. hirsuta, III, 581 

Mentha pulegium var. villosa, III, 576, 581 

Mentha rotundifolia, III, 586, 687 

Mentha species, I, 68 

Mentha spicata, III, 676 

Mentha spicata var. crispata, III, 676 

Mentha spicata var. tenuis, III, 676 

Mentha spicata var. trichoura, III, 676 

Mentha sylvestris, III, 586 

Mentha sylvestris var. pubescens, III, 663 

Mentha sylvestris X m. rotundifolta X m. 
aquatica, III, 628 

Mentha verticillata var. strabala, III, 676 

Mentha viridis, III, 586, 676, 685 

Mentha viridis var. crispa, III, 663, 683 

Menthe crépue, essence de, III, 676 

1-p-Menthen-7-al, see Phellandral 

p-Menthene, III, 657 

A’-Menthene, I, 26 ff; II, 20 

3-p-Menthene, III, 633 
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4(8)-p-Menthene, III, 657 
1-p-Menthene-4,6-diol, II, 231 
8(10)-p-Menthene-1,2-diol, II, 25 
2-p-Menthene-1, 4-dioxide, see Ascaridole 
enthenes, IT, 19 
Menthenol Pp, VI, 244 
1-p-Menthen-3-ol, see Piperitol 
1-p-Menthen-4-ol, see Terpinen-4-ol 
aS veal pent, see a-Terpineol 
Menthen-1-ol, see Terpinen-1-ol 
46) 8)-p-Menthen-1-ol, see y-Terpineol 
4(8}-»- Menthen-$-l, see Pulegol 
8(9)-p-Menthen-1-ol, see 6-Terpineol 
Ae at Roe P, see Dihydrocarveol 
8(9)-p-Menthen-3-ol, see Isopulegol 
Menthenone, III, 595, 617, 672 
Menthen-1-one-6—b.p. (Table), I, 400 
1-Menthen-3-one, II, 197 
ihn Menther-tone see 8-Santolinenone 
3(8)-m-Menthen-4-one, see 8-Santolinenone 
Menthen-3-one, see Piperitone 
1G)-p Meathen 2a see a-Santolinenone 
3-p- Menthen-2-one, see Carvenone 
(8)-p-Menthen-3-ne, see Pulegone 
Menthen-2-one, see Carvotanacetone 
8(9)-p-Menthen-2-one, see Dihydrocarvone 
8(9)-p-Menthen-3-one, see peepee 
Menthe poivrée, essence de, III, 6 
Methofuran (3, 6-dimethyl eee ueetie: 
hydride-(4, 5,6,7); 4,5,6,7-tetrahydro-3,- 
6-dimethylbenzofur an], II, 699; Il, 
601, 617, 619, 620, 627, 657 
Menthol (3-p-menthanol; 1-methy]-4-iso- 
propyleyslohexan-$-ol) I, 19, 22, 27, 
; II, 208, 209, 210, "213. 
216, 220, 224, 226, 403, 416, 445, 632, 
634, 699, 799, 802: III, 582, 595, 596, 
597, 598, 604, 606, 608, 609, 610, 611, 
612, 614, 617, 620, 621, 622, 623, 624, 
630, 631, 633, 641, 643, 644, 645, 646, 
650, 651, 652, 656, 657, 662, 667, 669, 
671, 672, 673, 675, 684, 694; IV, 701, 


7 
—b.p. (Table), I, 399 
—isolation from Japanese mint oil, III, 


650 
dl-Menthol, II, 216, 222, 223, 399 
Menthol, synthetic, III, 575; IV, 115, 318, 
465, 467, 502 
Mscthelscocentiol series, II, 248 
Menthone (p-menthan-3-one; une 
isopropylcyclohexan-3-one), I, 27, 62; 
II, 216, 225, 340, 390, 408, 416, 423. 
699; ITI, 371, 578, 579, 580, 581, 585, 
595, 596, 597, 604, 606, 609, 610, 611, 
614, 617, 619, 620, 621, 623, 630, 633, 
644, 646, 651, 656, 657, 663, 672, 684, 
693, 694, 743: IV, 149, 700, 721, 727, 


733. 
—b.p. (Table), I, 398 
—reduction to menthol in mint oil, ITI, 


675 
Menthone oil, ITI, 651 


Google 
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l-Menthydraside, II, 814 
noe ay yee Il, 682; III, 617, 623, 631, 


Menthyl formate—b. B (Table), I, 399 
Menthyl isovalerate, II, 684; ur 614, 617, 


Menthy] valerate, III, 623, 684 

Meranzin, see Auraptene 

Mercaptan, II, 729, 790 

Mercuric acetate, Il, 823 

Mercuric iodide, TL, 817 

Merulius lacrymans, VI, 323 

Mespilodaphne sassafras, IV, 200 

Messmate, IV, 439 

Mesue, J., I, 4 

Metals, heavy, in essential oils, I, 309 ff 

Metanethole, IT, 510 

Metastyrene, Il, 16 

Methacrolein, see Artemisal 

Methacrylic acid, II, 583; V, 436 

Methanol, see Methyl! alcohol 

Rete o eee pe none (p-acetylanisole; 
p-anisyl methyl ketone; crataegon), II, 

78 


4 
p-Methoxyallylbenzene, see Methyl chavicol 
o-Methoxybenzaldehyde, IV, 255 
Poe Denan iene see p-Anisalde- 


sales Geese acid, II, 360 

p~Methoxybenzoic acid, see p-Anisic acid 

o-Methoxyeinnamaldehyde, I, $60; IV, 253, 
55 


p-Methoxycinnamaldehyde, II, 359; V, 463 

p-Methoxycinnamic acid coumaric acid 
ee ether), II, 360, 604; IV, 151; V, 
1 

7-Methoxycoumarin, see Umbelliferone 
methyl ether 

7-Methoxy-8-(7,y-dimethylallyl) coumarin, 
see Osthole 

5-Methoxyf ghen se ,»o',6,7-coumarin, see 
Bergapten 

8-Methoxyfurano-2’, 3’,6,7-coumarin, see 
Xanthotoxin 

7-Methoxy-5-geranoxycoumarin, II, 670, 
675, 682; III, 325 

1-Methoxy-2- hydroxy-4-allylbensene, see 
Chavibetol 

3-Methoxy-2-methyl- ee acid 
methyl ester, see Damasce 

3-Methoxy-N-methylanthranilic a acid methy] 
ester, see Damascenine 

7-Methoxy-8-(3 ’-methyl butanyl-2’) cou- 
marin, see Osthole 

2-Methoxy-3, eet ve nouioxy Bropenys: 
benzene, IT, 534 

2-Methory-4-methylphenol VI, 19 

2,4,5-Methoxynitrobenzene, II, 367 

o-Methoxyphenol, VI, 19 

p-Metho eed bore y see Hydroquinone mono- 
methy! ethyl 

4-Methoxyphenylacetio acid, II, Tiasia, 507 

p-Methoxyphenylacetoin, Il, 511 
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eer ia andar (anisketone), II, 

479, 511; IV, 569; V, 375 

p-Methoxyphenylglyoxylic acid, II, 479, 
509 


p-Methoxyphenylisocyanate, II, 799 
p-Methoxypropenylbenzene, see Anethole 
2-Methoxy-4-propenylphenol, see Isoeugenol 
5-Methoxypsoralene, see Bergaptene 
8-Methoxypsoralene, see Xanthotoxin 
4-Methoxysalicylaldehyde (2-hydroxyanis- 
aldehyde; 2-hydroxy-4-methoxybenzal- 
dehyde), II, 363 
Prin: patra V, 131 
ethyl acetate—b.p. (Table), I, 382 
p-Methylacetophenone (p-acetyltoluene; 
methyl-p-tolyl ketone), II, 476, 482, 
800; [V, 187, 193; V, 226 
l-1-Methyl-4-acetyl-l-cyclohexene 
ee ane ydroacetophenone), 
II, 482; V, 226; VI, 235, 237 
B-Methyladipic acid, II, 225, 340, 341, 392, 
403, 481 


Methyl alcohol (methanol), II, 141, 373, 
559, 636, 640; III, 391, 529, 672; IV, 
395, 434, 436, 560, 583; V, 474; VI, 18, 
97, 161, 336, 389 

—as adulterant, I, 340 
—b.p. (Table), I, 383 
—determination (sugg. add. Lat.), I, 363 

Methylamine, VI, 161 

o-Methylaminobenzoic acid methyl ester, see 
Dimethyl] anthranilate 

Methyl n-amy] carbinol, see 2-Heptanol 

Methyl n-amyl ketone, see n-Amyl methyl 
ketone 

Methyl] aniline—b.p. (Table), I, 394 

Methyl anthranilate (o-aminobenzoic acid 
methyl ester; anthranilic acid methyl 
ester), I, 18; II, 651, 653; III, 106, 156 
173, 194, 197, 218, 226, 238, 242, 243, 
253, 255, 256, 283, 284, 325, 329, 344, 
347, 356; V, 132, 309, 328, 329, 330, 331, 
re 334, 336, 345, 346, 347, 352, 356, 


40 
—b.p. (Table), I, 404 
—determination, I, 302; (sugg. add. Lit.), 


I, 360 

N-Methylanthranilic acid methyl ester, see 
Dimethy] anthranilate 

Methyl benzoate (benzoic acid methyl ester; 
oil of niobe), II, 686; IV, 434; V, 309, 
310, 347, 352 

—b.p. (Table), I, 395 

3-Methylbutanal, see Isovaleraldehyde 

a-Methylbutanoic acid, see a-Methyl-n-bu- 
tyric acid 

B-Methylbutanoic acid, see Isovaleric acid 

2-Methyl-4-butanol, see Isoamy! alcohol 

3-Methylbutanol, see Isoamy! alcohol 

pene oeubyraldenyces see Isovaleralde- 


yde 
Methyl n-butyrate—b.p. (Table), I, 385 
a-Methyl-n-butyric acid («-methylbutanoic 


Google 


acid; methyl ethyl acetic acid), II, 567; 
IIT, 468; IV, 560, 562 
f-Methyl-n-butyric acid, see Isovaleric acid 
Methyl caprate, IV, 94 
Methyl caprylate, IV, 94 
Methyl chavicol (p-allylanisole; chavicol 
methyl ether; ‘“esdragol’’; estragole; 
methoxyallylbenzene), Il, 606; III, 
99, 400, 402, 403, 407, 409, 410, 411, 
412, 413 418, 424, 426, 427, 432; IV, 
394, 305, 569, 643, 644; V, 374, 379, 
460, 461, 462, 463, 466; VI, 277, 289, 
295, 298, 299, 302 
— bop. (Table), I, 398 
Methy! cinnamate (cinnamic acid methyl 
ester), II, 644; III, 400, 410, 411, 412, 
413, 415, 416, 417, 418; IV, 457, 458; 
V, 130, 352 
te (Table), I, 405 
Meth -o-coumaraldehyde, IV, 255 
cis-a-Methylcrotonic acid, see Tiglic acid 
anes Metey rotene acid, see Angelic 
aci 
B-Methylcrotonic acid, see Isopropyliden- 
acetic acid 
8-Methylcumaric acid, II, 360 
Methyl cyclohexanol—b.p. (Table), I, 392 
1-Methy]-3-cyclohexanol, ITI, 583 
d-1-Methyl-3-cyclohexanone (3-methyl- 
1-cyclohexanone), II, 403, 480; ITT, 581, 
582, 585, 620; IV, 112 
3-Methyl-1-cyclohexanone, see d-1-Methyl- 
3-cyclohexanone 
1-Methyl-1-cyclohexen-3-one, II, 416; III, 


582 

3-Methyl-l-cyclopentadecanone, see Mus- 
cone 

Methyl n-decenetriynoate (dehydromat- 
ricaria ester), V, 431, 459 

Bie ERY OSA ae eee see Saf- 


role 
3,4-Methylenedioxybenzaldehyde, see Pip- 
eronal 
3,4-Methylenedioxybenzoic acid, see Pip- 
eronylic acid 
1,2-Methylenedioxy-3,6-dimethoxy-4-allyl- 
benzene, see Apiole 
1,2-Methylenedioxy-5,6-dimethoxy-4-allyl- 
benzene, see Dillapiole 
1,2-Methylenedioxy-6-methoxy-4-allylben- 
LaeMcityenedney 0 meboxyzptpeay! 
; ethylenedioxy-6-metho ropenyl- 
benzene (isomyristicin), IL, 53 
1,2-Methylenedioxy-4-propenylbenzene, see 
Isosafrole 
1-Methylene-4-isopropylcyclohexan-2-one, 
see a-Santolinenone ? 
1-Methylene-4-isopropy]-2-cyclohexene, see 
6-Phellandrene 
1-Methylene-4-isopropyl-3-cyclohexene, see 
6-Terpinene 
Methyl ethyl acetic acid, see a-Methyl- 
n-butyric acid 
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ae ethyl acetic acid ethyl ester, V, 


Methyl ethyl acetic acid methyl ester, V, 
381, 382 

Methylethy! phenol, IV, 304 

8,B-N ey SU ny POP Ona: see 3- Methyl- 
1-pentano 

Methyleugenol (4-allylveratrole; 1,2-dimeth- 
oxy-4-allylbenzene; eugenol methyl 
ether) II, 619; III, 482, 548; IV, 81, 111, 
113, 206, 209, 296, 297, 304, 310, 375, 
395, 541; V, 23, 28, 31, 161, 233, 308, 
381, 382; VI, 73, 114, 115, 146, 147, 
196, 197 

Methylfenchyl xanthates, II, 71 

Methyl formate—b.p. (Table), I, 382 

a-Methy] furfural, 1V, 304, 306, 435 

Methyl furfuryl alcohol, IV, 435 

Methyl geranate, II, 590 

5-Methyl-geraniol, II, 468 

Methyl heptenol (2-methyl-1-hepten-6-ol; 
2-methyl-2-hepten-6-ol), II, 161; IV, 
35, 42, 43, 186, 339, 344 

a-Methyl heptenol, II, 161 

-B-Methyl heptenol, II, 161 

2-Methy]l-1-hepten-6-ol, see Methyl heptenol 

2-Methy]l-2-hepten-6-ol, see Methyl heptenol 

Methyl heptenone (2-methyl-l-hepten-6- 
one; 2-methyl-2-hepten-6-one), II, 162, 
163, 170, 332, 335, 337, 381; III, 104, 
423, 464; IV, 16, 33, 35, 40, 43, 80, 112, 
149, 186, 339; V, 117; VI, 38, 238 

—bp. (Table), 1, 392 

a-Methyl heptenone, II, 381 

B-Methyl] heptenone, II, 173, 381 

Methyl heptenone carboxylic acid, II, 332 

2-Methyl-1-hepten-6-one, see Methyl hep- 
tenone 

2-Methy]l-2-hepten-6-one, see Methyl hep- 
tenone 

Methyl! n-heptylcarbinol, see 2-Nonanol 

Methyl n-heptyl ketone (n-heptyl methyl 
ketone; 2-nonanone), II, 154, 376, 377, 
aA III, 380, 383; IV, 65, 435; VI, 

Methyl] hexyl carbinol, IV, 705 

Methyl n-hexyl ketone, III, 384 

—b.p. (Table), I, 391 
Methyl o-hydroxybenzoate, see Methyl sal- 


icylate 
4-Methyl-5-hydroxy-7-methoxycoumarin, 
II, 669 
B-Methylindole, see Skatole 
3-Methylindole, see Skatole 
Methyl-ionone, II, 495 
6-Methyl-a-ionone, II, 466 
6-Methyl-8-ionone, II, 466 
6-Methyl-y-ionone, II, 466 
Methyl isobutyl ketone, II, 384 
Methyl isobutyrate—b.p. (Table), I, 384 
B-Methyl-s-isobutyryl-n-valeric acid, II, 392 
Methylisoeugenol (1,2-dimethoxy-4-pro- 
penylbenzene; isoeugenol methy] ether; 
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i oer eed I, 44; II, 623, 524; 
ITI, 550; LV, 146, 542 
1-Methyl-4-isopropenylbenzene, I, 26 ff, 41 
1-Methyl-4-isopropenylcyclohexan-l-ol, see 
8-Terpineol 
1-Methy]l-4-isopropenylcyclohexan-2-ol, see 
Dihydrocarveol 
1-Methy]-4-isopropenylcyclohexan-3-ol, see 
Tsopulegol 
1-Methy]-4-isopropenylcyclohexan-2-one, 
see Dihydrocarvone 
1-Methy]-4-isopropenylcyclohexan-3-one, 
see Isopulegone 
1-Methyl-3-isopropenyl-l-cyclohexene, see 
Sylvestrene 
1-Methyl-3-isopropeny]-6-cyclohexene, see 
Sylvestrene 
1-Methy]-4-isopropeny]-l-cyclohexene, see 
Limonene 
1-Methy]-4-isopropenyl-2-cyclohexene, see 
Isolimonene 
1-Methy]-4-isopropeny]-6-cyclohexen-2-ol, 
see Carveol 
1-Methy]-4-isopropenyl-1-cyclohexen-3-one, 
see Isopiperitenone 
BNE gee oben 2 ey elenexen 2.008) 
» 412 
1-Methyl-4-isopropylbenzene, see p-Cymene 
2-Methyl-5-isopropy]-1,4-benzoquinone, see 
Thymoquinone 
1-Methy]-4-isopropyl-1,3-cyclohexadiene, 
see a-Terpinene 
1-Methy]-4-isopropyl-1,4-cyclohexadiene, 
see y-Terpinene 
1-Methyl-4-isopropy]-1,5-cyclohexadiene, 
see a-Phellandrene 
1-Methyl-4-isopropylcyclohexane, see 
p-Menthane 
1-Methy]-4-isopropylcyclohexane-1,4-diol, 
see Terpinene-terpin 
1-Methy]-4-isopropylcyclohexane-1,8-diol, 
see Terpin 
Methyl-isopropylcyclohexanol, II, 18 
1-Methy]-4-isopropylcyclohexan-2-ol, see 
Carvomenthol 
1-Methyl-4-isopropylcyclohexan-3-ol, see 
Menthol and Neomenthol 
1-Methy]-4-isopropylcyclohexan-2-one, see 
Carvomenthone 
1-Methy]l-4-isopropylcyclohexan-3-one, see 
Menthone 
1-Methyl-4-isopropy]-2-cyclohexene-1,4-di- 
oxide, see Ascaridole 
1-Methyl-4-isopropyl-1-cyclohexen-3-ol, see 
Piperitol 
1-Methy]-4-isopropyl-1-cyclohexen-4-ol, see 
Terpinen-4-ol 
1-Methyl-4-isopropyl-1-cyclohexen-8-ol, see 
a-Terpineol 
1-Methyl-4-isopropyl-3-cyclohexen-1-ol, II, 
197 


1-Methyl-4-isopropyl-1-cyclohexen-3-one, 
see Piperitone 
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1-Methyl-4-isopropyl-3-cyclohexen-2-one, 
see Carvenone 

1-Methyl-4-isopropyl-6-cyclohexen-2-one, 
see Carvotanacetone 

a BIC SO TORy Elie SyCrommnons, see 
Thymohydroquinone 

sch Ate a ae 
see y-Terpineo 

1-Methyl-4-isopropylidenecyclohexan-3-ol, 
see Pulegol 

1-Methy]-3-isopropylidenecyclohexan-2-one, 
see B-Santolinenone 

1-Methy]-3-isopropylidenecyclohexan-4-one, 
see 8-Santolinenone 

1-Methyl-4-isopropylidenecyclohexan-3-one, 
see Pulegone 

1-Methyl-4-isopropylidene-1-cyclohexene, 
see Terpinolene 

EMG 7 Props ncene cy cloneren Ol; 


1-Methy]-4-isopropylidene-1-cyclohexen- 
3-one, see Piperitenone 

1-Methyl-7-isopropylnaphthalene, II, 81 

2-Methyl-5-isopropylphenol, see Carvacrol 

eee ny a MeePrOpy PERCH see Thymol 

Methyl] ketones, IT, 808 

Methyl] laurate, IV, 94 

Methy! linoleate, VI, 95 

Methyl! mercaptan, VI, 62, 301 

y-Methyl-mercapto propyl alcohol, see 
3-Methylthiol propyl alcohol 

2-Methy1-6-metheny]-2,7-octadien-4-one, 
see Myrcenone 

Methyl-o-methoxy-benzoate, VI, 73 

4-Methyl-5-methoxy-7-hydroxycoumarin, 


II, 669 
2-Methyl-6-methylene-2,7-octadiene, see 

B- ee 
2-Methy!-6-methylenoctan-8-ol(?), see Bu- 


pleurol 
2-Methyl-6-methylene-7-octen-4-one, see 
Tagetone 
Methyl-8-methylthiolpropionate, II, 782 
Methv! myristate, VI, 91, 94 
a-Methyl-6-naphthocinchoninic acid, II, 807 
Methylnitramine, IT, 
2-Methyl-2,4,8-nonatriene, IT, 12 
2-Methyl-2,6,8-nonatriene, IT, 12 
8-Methyl-2-nonen-1-al, IV, 614 
Methyl n-nonylcarbinol, see 2-Hendecanol 
Methyl] n-nonyl ketone (2-undecanone), IT, 
157, 377; III, 374, 375, 380, 383; VI, 
121, 139, 190 
— P. (Table), I, 401 
Methyl] n-octyl ketone, ITI, 384 
Methyl oleate, VI, 94 
Methyl palmitate, IV, 95 
Methyl pelargonate, IV, 94 
3-Methyl-1-pentanal, IV, 112 
Methy! pentanoic acid, II, 569 
3-Methyl-1-pentanol SE ee 
LN II, 148; III, 672; IV, 111, 
704; V, 437 


? 


Google 


455 


3-Methyl-2-[2'-penten-yl]-2-cyclopenten- 
l-one, see Jasmone 

Methylphenol, VI, 19 

Methylphenylcarbinyl] acetate, V, 356 

1-Methylphenylhydrazine, II, 813 

Methyl pheny! ketone, see Acetophenone 

Methylphloroglucinol dimethy] ether, IT, 546 

Methylphloroisobutyrophenone dimethyl 
ether, IT, 545 

Methylpinocamphylxanthate, IT, 55 

a-Methylpropanoic acid, see Isobutyric acid 

2-Methylpropanol, see Isobuty] alcohol 

Methyl propionate—b.p. (Table), I, 883 

Methyl propyl ether—b.p. (Table), I, 382 

8-Methylpyrroline, V, 145 

a-Methylquinoline, IT, 807 

Methy] salicylaldehyde, IV, 255 

Methyl salicylate (methyl o-hydroxyben- 
zoate; salicylic acid methyl ester), IT, 
617, 640; IV, 434; V, 56, 230, 233, 309, 
347, 413; VI, 4, 5, 6, 7, 11, 13, 14, 15, 


1 
—b.p. (Table), I, 400 
—phenol in, I, 315 

Methyl salicylate rimeveroside, VI, 4, 11 

Methyl stearate, IV, 95 

Methylsuccinic acid, II, 392 

Methyl sulfide, VI, 302 

4-Methylsulfoxide-3-butenyl cyanide, VI, 63 

p-Methy]-3-tetrahydroacetophenone, see |-1- 
Methyl-4-acetyl-1-cyclohexene 

3-Methylthiol propyl alcohol (y-hydroxypro- 
pyl methyl sulfide; ~-methyl-mercapto 

ropy! alcohol), II, 731 

Methy]-p-tolyl carbinol, II, 477 

PMA Rl 2 hota: IT, 89 

2-Methyl-6-(p-tolyl)-2-heptene, II, 89 

Methyl-p-tolyl ketone, see p-Methylaceto- 
P enone 

Methyl-p-tolyl pinacone, II, 477 

Methylumbelliferone, see Umbelliferone 
methyl ether 

Methyl undecylenate—b.p. (Table), I, 403 

Methyl n-undecyl ketone (undecyl methyl 
ketone; 2-tridecanone), II, 878; VI, 121 

Methyl valerate—b.p. (Table), I, 386 

Methylvanillin (3,4-dimethoxybenzalde- 
hyde; protocatechualdehyde dimethyl 
ether; vanillin methyl ether; veratral- 
dehyde), II, 863; IV, 146 

Methylxanthates, II, 802 

Metric system—conversion tables, I, 413 

Michelia champaca, V, 37 

Michelia longifolia, V, 380, 381 

Micranane, [V, 304, 314 

Micranene, II, 749 

Micranol iv, 304 

Microl, Ii, 766; IV, 304 

Microscopy, chemical, II, 772 

Mignonette, V, 401 

Milfoil oil, V, 472 

Mimosa, concrete and absolute, V, 234 

Mimosa flower oil, I, 188, 198 
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Mineral oil in essential oils, I, 332 
—in enfleurage, I, 1 
Mint, see also Mentha and P ant 
black Mitcham, III, 623, 6 
Brazilian—cultivation, III, 667 
field, oil, III, 588, 640 
Japanese—cultivation, ITI, 586, 645 
meadow, III, 593 
short-toothed mountain, ITI, 693 
Virginia mountain, III, 692 
white Mitcham, II, 628 
Mint oil, Brazilian, III, 664 
—adulteration, III, 673 
—chemical composition, III, 671 
—distillation, III, 669 
—menthol extraction, III, 673 
—physicochemical properties, III, 671 
dementholized, III, 676 
Chinese, III, 618, 658 
wepeue III, 588, 618, 620, 640; chart, 


—chemical composition, IIT, 655 

—cohobation water—chemical composi- 
tion, ITI, 658 

—distillation, III, 647; tables, III, 649, 650 

—menthol isolation and rectification, ITI, 


650 

or a properties, III, 656; 
—production total, ITI, 652; table, III, 653 
—yield, III, 649; tables, III, 644, 650 

Mirene (see also Diverpene Table), IT, 125 

Mirra, aceite esencial, IV, 844 

Mirto, aceite esencial, IV, 368 

Mission dry corporation oil recovery process, 


Mitsubene, II, 748 

Mixed anhydride, II, 793 

Mock-Orange, V, 407 

Moegalo, IV, 148 

Mohrendl, IV, 586 

Mohr-Westphal balance, I, 237 

Molasses from citrus fruit, III, 47 

Molecular refraction, I, 247 

Monarda citriodora, II, 582 

Monarda fistulosa, III, 687 

Monarda menthaefolta, III, 583 

Monarda oils, III, 627 

Monarda pectinata, III, 534 

Monarda punctata, III, 527, 629 

M. ona punctata subsp. immaculata, III, 
1 


Monarda punctata var. leucantha, III, 582 
Monarda punctata subsp. stanfieldii, IIT, 531 
Monarda punctata subsp. typica, III, 631 
Monochloracetic acid—b.p. (Table), I, 394 
Monoterpenes, I, 19 ff, 28 ff, 48 
Monotropitin, VI, 4, 11, 13 
Monotropitoside, VI, 4,11 

Montsukigaya, IV, 150 

Moraceae oils, VI, 127 

Morasco sfumatrice, III, 17 
Moschuskérnerol, Vi, 173 
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Moschusél, IV, 666 

Mosla angustifolia, III, 547 

Mosla chinensis, III, 647 

Mosla formosana, III, 548 

Mosla grosseserraia, III, 648 

Mosla hadaz, ITI, 547 

Mosla japonica, III, 647, 551 

Mosla lanceolata, III, 549 

Mosla leucantha, III, 647, 549, 551 

Mosla lysimachitftora, Ill, 648 

Mosla punctata, III, 6 

Mosla thymolifera, III, 647, 551 

Moslene, II, 40; III, 552; IV, 552 

Mosquito plant, IIT, 428 

Mostaza, aceite esencial, VI, 56 

Mother of clove, IV, 397, 411, 412 

Mountain laurel oil, IV, 207 

Mountain mint oil, III, 691 

Mousse d’arbre, VI, 179 

Mousse de chéne, VI, 179 

Moutarde, essence de, VI, 65 

Mugwort, V, 430 

Muscade, essence de, V, 59 

Muscone (3-methy{-1-cyclopentadecanone), 
9 


IT, 300, 
Musk, II, 489 
Muskateller Salbeidl, III, 724 
Muskatél, V, 59 
Muskrat, II, 492, 493 
Muskroot, IV, 666 
Musk yarrow, V, 425 
Mustard, black, VI, 56, 61 


yellow, VI, 61 

Mustard oil, I, 18; II, 734; VI, 66 
—allyl isothiocyanate in, I, 303 ff 
—chemical composition, vi, 59 
—physicochemical properties, VI, 59 


—use, VI, 60 

‘‘Mustard oil,’’ see Allyl isothiocyanate 

Mustard seed (black) oil, VI, 55 

Mustard seed (white) oil, VI, 61 

Mutation of essential oil plants, I, 76 

Myoporaceae oils, V, 171 

Myrcenal, IT, 9 

Myrcene, I, 22 ff, 57; II, 780, 784, 787, 788; 
III, 156, 199, 427; IV, 21, 35, 40, 43, 64 
80, 198, 339, 393, 395, 534, 614, 647; V 


477 fn.; VI, 39, 140, 209, 303, 337, 340, 


—b.p. (Table), I, 391 
B-Myrcene (2-methy]-6-methylene-2,7-octa- 
diene), II, 8, 11, 774, 778; VI, 139, 250 
Myrcenic acid, I, 9 
Myrcenol, II, 9; VI, 139, 140 
Myrcenone (2-methy!-6-methenyl-2,7-octa- 
dien-4-one), II, 385 
Myrcia acris, IV, 379 
Myristic acid (n-tetradecanoic acid; n-tetra- 
decylic acid), II, 559, 577, 578, 580; TI, 
13, 256, 384; IV, 303, 304, 305, 652; V, 
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Myristic aldehyde, IV, 304; VI, 285 

Myristica argentea, V, 60, 80 

Myristicaceae oils, V, bY 

Myristica fragrans, V, 59, 80, 81 

M ans fragrans (leaf) oil, V, 79 

Myristica malabarica, V, 81 

Myris yristica oils, V, 59 

Myristica succedanea, V, 61, 80 

Myristicin (1, 2-methylenedioxy-6-methoxy- 
4-allylbenzene), I, 43; II, 631; III, 548; 
IV, 631, 644, 659; V; 78, "79 

Myristicinaldehyde, Il, 532 

Myristicinic acid, II, 532 

Myristicol, V, 77 

Myrocarpus fastigiatus, V, 225 

Myrocarpus frondosus, V, 225 

Myronate of ay IT, 734 

Myrosinase, II, 734; VI 56, 57, 63 

Myrozylon balsamum, V, 220 

M Ag balsamum var. a-genuinum, V, 


M ie aa balsamum var. B-pereirae, V, 213, 


Myrozylon pereirae, V, 213, 218, 219 
Myrrh, bitter, 1V, 344 
Myrrh, sweet, IV, 349 
Myrrh oil, IV, 344 
Myrrholic acid, IV, 348 
Myrrh resinoid, IV, oa 
Myrtaceae oils, Tv, ‘961 
eae tae I, 64; Il, 234, $46, 347; IV, 485, 
48 
Myrtenol, I, eS ff, 73; II, 63, 233, 347; IV, 
364, 368, 3 69, 485 
d-Myrtenol, iI, 764 
Myrtendl, IV, $68 
Myrteny! acetate, IV, 368, 369 
Myrtle oil, IV, 363 
Algeria, TV, S66 
Corsica, IV, 366 
France, IV, 364 
Italy, 1V, 367; lable, LV, 368 
Morocco, IV, 3 
Spain, IV, Mad 
Myrtus acris, IV, 379 
Myrtus caryophyllata, IV, 379 
Myrtus communis, IV, 3 
Myrtus pimenta, IV, $70, 379 


Naal grass, IV, 1 
Naphthalene, in 6 790; IV, 436; V, 249, 
451; VI, 16, "95, 190 

—b.p. (Table), I, 399 
1,7-Naphthalenedicarboxylic acid, II, 692 
Naphthalene group, I, 31 
8-Naphthhydrazide, IT, 814 
g-Naphthocinchoninic acid, II, oe 807 
a-Naphthol—b.p. (Table), I, 
B-Naphthol—b.p. ae. I, 407 
8-Naphthoquinoline, I 
a-Naphthoquinone, iL 790 
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Naphthylamine, IT, 330, 806 

a-Naphthylamine siditiea 5 oes II, 797 
Naphthylhydrazine hydrochloride, It, 813 
Nachthylisseyanate. I, 798, 799, 924, 825 
Naphthyl semicarbazide, IT, 820 
a-Naphthylurethanes—preparation, II, 798, 


Naranja amarga, aceite esencial de, III, 197 

Naranja blanca, ITI, 176 

Naranja comun, Ill, 176 

Naranja dulce, aceite esencial de, III, 118 

Naranja sanguina, III, 176 

Naranja verna, I rl, 176 

Narcissus, concrete and absolute, V, 348 

Narcissus flower oil, I, 1 

Narcissus jonquilla, V, 349, 361 

Narcissus poeticus, V, 348, ‘361 

Narcissus tagetta, V, 348, 351 

Nardostachys jatamansi, TV, 665 

Naringin, III, Be oe 

Nelkenél, IV 

“Nelkonpfeffer”” IV, 370 

Nelson method, I, 298 

Neocarvomenthol, II, 215 

Neodihydrocarveol, II, 206; IV, 583 

Neo-e-irone, VI, 100 104 

Neo-f-irone, VI, 100° 

“‘Neo-7-irone,” VI, 101, 104 

Neoisocarvomenthol, Il, 215 

Neo-is0-a-irone, VI, ‘1 

Neoisomenthol, II, 216, 221, 222 

Neomenthol ($-p menthanol; 1-methy]-4- 
isopropylcyclohexan-3-ol), II, 210, 319, 
221, 222, 226; III, 656, 672 

Neopinocampheol, II, 238 

Nepeta cataria, II, 434, 578, 580, 583 

Nepeta cataria var. citriodora, Ill, 4 436 

Nepetalactone, II, 690; III, 435, 580, 583 

Nepetalic acid, IL, 607, 613, 690; IIL, 435 

Nepetalic anhydride, II, 608, 613, 690; III, 


435 
Nepetic acid, IT, 608 
Nepetol, III, 434 
Nepetonic acid, IT, 608 
Neral (citral b), Il, 326, 827, 334 
Neric acid, IV, 43 
Nero di bergamotto, III, 276 
Nerol (2,6-dimethyl-1, 6-octadien--ol 2,6- 
dimethyl-2, 6-octadien-8-ol), I 24: iI, , 
168, 169, 171, 172, 174, 623, 803; "TIL | 
105, 117, 156, 194, 226, 241, 243, 256, ' 
273, 274, 284, 436, 465, 468, 501; IV, 
36, 42, 43, 65, 81, 149, 186, 340, "369: 
V, 28, 30, 35, 42, 227, 275, 310, 3365, 
347, 417, 469, "495; VI, '39, 212 
Neroli bigarade—cultivation, Ill, 230 
Neroli bigarade oil, III, 228, 257° 
Algerian, ITT, 248 
French, III, at9 
Italian, Ill, 2 
Seales ith 249 


See itt a4 #16 
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Neroli camphor, III, 242 

Nerolidol (3,7, 11-trimethyl]-1,6, 10-dodeca- 
trien-3-ol; 3,7,1 1-trimethyl-1,6, 11-do- 
decatrien-3-ol), I, 30, 32; II, 96, 260; 
III, 156, 213, 227, 241, 243, 256, 733; 
IV, 536, 537; V, 218, 219, 224, 226, 
231, 310, 336; VI, 39 

Nerolidyl acetate, III, 733 

Neroli grapefruit oil, III, 368 

Nerolt naranja dulce, aceite esencial de, III, 
196 


Neroli oil, Haitian, III, 250 

Neroli Portugal oil, Ill, 195, 247 

Neryl acetate, II, 622; III, 105, 118, 194, 
200, 201, 226, 241, 243, 256; V, 469, 472 

Neryl geranate, III, 118 

Neryl oxide, III, 227 

Neumann, C., I, 7, 1 

Neutralization equivalent, II, 827 

Neutral sulfite method, I, 283 

Ngai-camphor, V, 431 

Niaouli oil, IV, 637 

Nicaraguan balsam, V, 213 

Nickel as catalyst, II, 778 

Nigella damascena, VI, 166 

Niobe, oil of, see Methyl benzoate 

Nitration, II, 823 

Nitric acid, I], 775 

Nitrites, II, 784 

a aa a acid, II, 
80 


Nitrobenzazide, II, 800, 825, 826 
Nitrobenzene (mirbane oil)—b.p. (Table), I, 
98 


—impurities, I, 312 
Nitrobenzene sulfonhydrazide, II, 814 
Nitrobenzhydrazides, II, 814 
Nitrobenzoates—preparation, IT, 796 
Nitrobansoylaaide I, 826 
p-Nitrobenzoyl chloride, II, 824 
itrobenzoylchlorides, 1, 47 
p-Nitrobenzyl bromide, IT, 825 
p-Nitrobenzyl chloride, II, 825, 828 
p-Nitrobenzyl esters, II, 827, 828 
p-Nitrobenzyl! ethers, Il, 825 
Nitrobenzy] iodide, II, 825 
itro compounds, II, 786, 790 
Nitrogen-containing compounds, IT, 719 
Nitroguanylhydrazine, II, 813 
Nitrolamines—preparation, II, 785 
Nitro-a-phellandrene, II, 43 
Nitro-8-phellandrene, II, 46 
p-Nitrophenylcarbamide, II, 799 
Nitrophenylhydrazine, II, 811, 812, 813 
itrophenylhydrazines, I, 47 
p-Nitrophenylhydrazones—preparation, II, 
812 


Nitrophenylisocyanates, II, 799 
p-Nitrophenylurethanes—preparation, II, 
798, 800 


3-Nitrophthalates, II, 796 


3-Nitrophthalic acid esters, IT, 795 
3-Nitrophthalic anhydride, IT, 795 


Google 
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Nitrosates, I, 47; preparation, II, 784 
Nitrosites, I, 47; preparation, II, 784 
Nitrosocarene, II, 50 
Nitrosochlorides, I, 48 
Fi oie erat II, 781, 782 
Nitrosohalides, I, 47; preparation, II, 781 
Nitrosyl chloride, I, 8; Ir 781, 782 
Nonadien-2,6-al-1, see 2,6-Nonadien-1-al 
2,6-Nonadien-l-al (nonadien-2,6-al-1; a,e 
nonadien one hee ‘violet leaf alde- 
hyde”’), I, 42; II, 164, 322; V, 395, 397 
eaves aldehyde, see 2,6-Nonadien- 
-8 
Nonadien-2,6-ol-1, see 2,6-Nonadien-1l-ol 
2,6-Nonadien-1l-ol (nonadien-2,6-ol-1; ‘“‘vio- 
let leaf alcohol”), I, 42; II, 164, 802; 
V, 395, 397 
Nonanal, see Pelargonaldehyde 
Nonane, II, 7; VI, 285 
—b.p. (Table), I, 389 
Nonanoic acid, see Pelargonic acid 
1-Nonanol, see n-Nony] alcohol 
2-Nonanol (methyl-n-heptylcarbinol), II, 
154; ITI, 384; IV, 435; VI, 121 
2-Nonanone, see Methyl n-heptyl ketone 
2-Nonen-l-al, VI, 97 
n~1-Nonen-3-ol, IV, 668 
n-2-Nonen-1-ol, IV, 668 
n-Nonyl alcohol (1-nonanol), II, 168; III, 
140, 156, 173, 185, 188, 356 
n-Nony] aldehyde, see Pelargonaldehyde 
Nonyl capry ale ITI, 189 
Nonylene, [V, 338 
n-Nonylic acid, see Pelargonic acid 
Nonylic aldehyde, VI, 283, 285 
Nopinene, see 6-Pinene 
Nopinic acid, II, 63 
Nopol, VI, 278, 303 
1 orborneol, {I, 229 
Norcamphene, il, 79 
x-Norcamphor, see Santenone 
Norcaryophylienic acid, II, 104, 105 
Norcedrene, II, 116 
Norcedrene dicarboxylic acid, IT, 117 
Norcedrene keto acid, II, 117 
x-Norisoborneol, II, 229 
Normuscol, II, 492, 493 
Normuscone, see Exaltone 
Nortricycloekasantalal, II, 850; V, 185 
Nortricycloekasantalane, V, 185 
Nortricycloekasantalic acid, II, 350 
Nortricycloekasantalol, II, 350 
Nuez moscada, aceite esencial, V, 59 
Nutmeg—botany, V, 59, 64 
—distillation, V, 72 
—producing regions and qualities, V, 60 
Banda, V, 60, 6 
Bombay V, 81 
East Indian, V, 60, 65 
Java estate, V, 61 
long, V, 80 
Macassar, V, 80, 81 
New Guinea, V, 80, 81 
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Oleum aurantit dulcis, III, 118 
Oleum balsami copatvae, V, 208 
Oleum balsami Peruviant, V, 212 
Oleum balsami Tolutani, V, 220 
Oleum basilici, III, $99 

Oleum bergamottae, III, 260 
Oleum betulae lentae, VI, 11 
Oleum buccu foliorum, lil, 868 
Oleum camphorae, I 

Oleum canangae, Ve 267 

Oleum cardamomi, V, 86 

Oleum carvi, IV, 673 

Oleum caryophyllorum, IV, 396 
Oleum cascarillae, VI, 169 

Oleum catariae, Ill, 484 

Oleum chamomillae, V, 488 
Oleum chamomillae Romanae, V, 4838 
Oleum chenopodii anthelmintici, VI, 151 
Oleum cinnamomi cassiae, IV, 241 
Oleum cinnamomi zeylanici, IV, 213 
Oleum citronellae, IV, 65 

Oleum coriandri, of 602 

Oleum cubebarum, V , 148 

Oleum cumini, IV, 616 

Oleum cupressi, VI, 382 

Oleum dracunculi, V, 459 

Oleum elemi, IV, 357 

Oleum florum aurantii, III, 228 
Oleum foenicul:, I V, 634 

Oleum foltorum betle, V, 160 
Oleum foltorum matico, V, 157 
Oleum foliorum patchouli, III, 552 
Oleum galangae, V, 127 

Oleum gaultheriae VI, 8 

Oleum geranit, IV, 671 

Oleum geraniit indicum, IV, 5 
Oleum omae, III, 588 

Oleum helenii, V, 453 

Oleum humult lu; t, VI, 129 
Oleum hyssopt, III, 486 

Oleum tridis, VI, 79 

Oleum juntpert, VI, 870 

Oleum laurt foltorum, IV, 204 
Oleum laurocerast, V, & 

Oleum lavandulae, Ill, 440 
Oleum levistici, IV, 649 

Oleum ligni cedri, VI, 858 

Oleum lignt santali, V, 178 
Oleum limettae, Ill, 287 

Oleum limonis, Ill, 81 

Oleum linaloes, IV, 331 

Oleum macidis, V, 69 

Oleum majoranae, III, 619 
Oleum mandarinae, Ill, 8338 
Oleum melissae, Ill, 895 

Oleum melissae citratum III, 396 
Oleum menthae crispae, III, ¢ 676 
Oleum menthae piperitae Ill, 586 
Oleum menthae ae III, 676 
Oleum myrciae, IV, 378 

Oleum myristicae expressum, V, 71 
Oleum myrrhae, IV, 3. 

Oleum myrtt, IV, 36 


Google 


Oleum nucts moschati, V, 59 
Oleum olibanz, IV, 352 

Oleum origant, il, 536 

Oleum palmarosae, IV, 5 
Oleum perillae, It, 687 

Oleum petroselini, iv, 656 
Oleum phellandrit aquatici IV, 666 
Oleum picis recti ¥35" VI, 17 
Oleum piperis, V, 185 

Oleum rosarum, V 

Oleum rosmarint, iit, 696 
Oleum rusct rectificatum, VI, 17 
Oleum rutae, III, 378 

Oleum sabinae, VI, ‘886 

Oleum salviae, IH, 710 

Oleum salviae sclareae, III, 724 
Oleum santali ex India Occidentali, Ill, 385 
Oleum sassafras, lV, 193 
Oleum serpylli, III, 761 

Oleum sinapis, VI, 66 

Oleum siree, IV 67 

Oleum spicae, Ul, 504 

Oleum styracis, V, 248 

Oleum sumbult, IV, 665 

Oleum tanaceti, V, 480 

Oleum test, I, 332 

Oleum thymi, III, 744 

Oleum valerianae, VI, - 
Oleum zingiberis, V, 1 

Olibanol, II, 236; wv, “355, 356 
Olibanum gum, IV, 353 
Olibanum oil, IV, 352 
Olibanum resinoid, IV, 353, 356 


Olibene, IV, 355 

Olivetol, I, 41 

Onion oll, VI, 7 

Opopanaz chromium, IV, 349 
Opopanax gum, IV, 349 


Opopanax oil, a, $49, 651 
me eaten , 241; (sugg. add. Lit.), 
Orange, Bahia, III, 161 
Bahianinha, III, 161 
Baia, III 161 
Hamlin, {II, 129, 182, 137 
II, 129 


Mikan, III, 188 

Natsu-daidai, ITI, rel 
Natsu-mikan, III, 1 

Parson Brown, itt, 38, 182, 137 
Pera, III, 161 

Pera do rio, IIT, 161 

pineapple, {, 129, 132, 137 
sanguina, III, 176 

Satsuma, Ill, 188, 334 

seedling, IIT, "129, 132, 137 
Temple, Ill, 130° 

‘ea Ill, 121, 128, 130, 182, 137, 141, 


Mira III, 1 
Waskington nae IIT, 121, 129, 161 
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Orange bigarade, essence d’, III, 197 

Orange (bitter)—cultivation, III, 230 

Orange (bitter) blossom oil, III, 228 

Orange (bitter) leaf oil, III, 208 

Orange (bitter) oil, III, 197 

Orange (bitter) oil, terpeneless, III, 201 

Orange blossom—distillation, I, 113, 146 ff, 
1 

Orange flower absolute, III, 243, 266, 259 

—adulteration, I, 218 

Orange flower concrete, III, 237, 243, 256 

Orange flower pomade absolute, III, 268 

Orange flower water, III, 237, 249, 262 

Orange flower water absolute, III, 237, 264, 
257 


Orange flower water oil, III, 255 
Orangenschalendél, bitteres, III, 197 
Orangenschalendl, stisses, III, 118 

Orange oils—petroleum and mineral oil in, 


—rosin in, I, 335 
Orange Portugal, essence d’, III, 118 
Orange (sweet) blossom oil, il, 196 
Orange (sweet) leaf oil, III, 193 
Orange (sweet) oil, ITI, 118 
—comparison of various types, III, 190 
—spoilage, III, 174 
Brazilian, III, 159 
California, II, 75, 120 
California, distilled, III, 127 
concentrated, III, 190 
East Indian, III, 189 
Florida, III, 128 
distilled, III, 140 
French Guinea, ITI, 141 
Italian, III, 168 
Japanese, III, 186 
distilled, III, 188 
expressed, III, 187 
Palestinian, ITI, 183, 191 
Rhodesian, III, 191 
sesquiterpeneless, III, 190 
Spanish, III, 176 
distilled, III, 176, 179, 180 
handpressed, III, 182 
terpeneless, III, 190 
West Indian, III, 191 
Orange (sweet) petitgrain oil, III, 198 
Orcinol, I, 54; VI, 184, 185, 188, 189 
B-Orcinol, VI, 185, 189 
6-Orcinol carboxylic acid, VI, 185 
B-Orcinol carboxylic acid methyl ester, VI, 
186, 187, 188, 189 
Orcinol monomethy] ether, VI, 184, 185, 
188, 189 
6-Orcinol monomethy] ether, VI, 185, 188 
Oregano, aceite esencial, III, 586 
Origanene, see a-Thujene 
Origanol, see Terpinen-4-ol 
Origanum compactum, III, 536 
Origanum elongatum, III, 686 
Origanum fort-queri, III, 535 
Origanum grossi, ILI, 535 


Google 
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Ortganum majorana, ITI, 519, 525 
Origanum Maru, Ii, 541 
Origanum oil, III, 585, 748, 745, 755 
—phenol in, I, 293 ff 
Moroccan (carvacrol type), III, 639 
Palestinian, III, 541 
Spanish (carvacrol type), III, 586 
Syrian, III, 541 
Origanum virens, III, 536, 544 
Origanum virens var. siculum, ITI, 543, 544 
Origanum vulgare, ITI, 519, 548 
Origanum vulgare var. viride, III, 548 
Origanum white oil, III, 588 
Orina, V, 478 
Orris, Florentine, VI, 79 
Verona, VI, 79 
Orris absolute, VI, 85, 90 
—adulteration, VI, 98 
—chemical composition, VI, 98 
—physicochemical properties, VI, 91 
—use, VI, 104 
Orris butter, VI, 83, 85 
is concrete, VI, 83, 85 
—adulteration, VI, 98 
—analysis, VI, 89 
—chemical composition, VI, 98 
—physicochemical properties, VI, 88 
—use, VI, 104 
Orris resinoids, VI, 88 
“absolute,” VI, 84 
“soluble,” VI, 84 
—use, VI, 104 
Orris root—botany, VI, 79 
—cultivation and harvest, VI, 80 
—oil in, I, 111 
—storage, VI, 82 
Orris root oil, VI, 79 
—chemical composition, VI, 93 
—distillation, VI, 85 
—extraction with volatile solvents, VI, 83 
Orris tenfold, VI, 85, 90 
Orsellinic acid, VI, 184, 185, 187, 189 
Orthodene, II, 78; III, 549 
Orthodon asarontferum, ITI, 548, 550 
Orthodon chinense, III, 546, 547, 550 
Orthodon elemiciniferum, III, 548, 550 
Orthodonene, II, 99, 784 
Orthodon formosanum, III, 548, 550 
Orthodon grosseserratum, IIT, 548, 550 
Orthodon 4, 546, 547, 550 
Orthodon hirtum, ITI, 547, 550 
Orthodon japonicum, III, 547, 551 
Orthodon lanceolatum, III, 549 
Orthodon leucanthum, III, 547, 550 
Orthodon linalodliferum, III, 546, 649 
Orthodon methylisoeugenoliferum, ITI, 550 
Sadar oils, I, 62; III, 646; diagram, III, 


ee perforatum, III, 546, 547, 551, 
Orthodon pseudo-hirtum, ITI, 550 


Orthodon punctulatum, III, 649 
Orthodon tenuicaule, III, 647, 648, 550 


462 


Orthodon i ir ale IIT, 551, 688 

Osazones, II, 

Osmosis, I, 115 

Osthenole, II, 672; IV, 559 

Osthenole methyl ether, see Ostho. 

Osthole [7-methoxy-8-(y, *rdimethallyD 
coumarin; 7-methoxy-8-(3’-methyl bu- 
tenyl-2’) coumarin; methyl] ether of 
osthenole], II, 659, 671, 672, 674; IV, 
559, 560, 655 

Ostruthin (G-geranyl-7-hydrox coumarin), 
II, 659, 666, 676, 687; I V, 655 

Ostwald tubes, I, 237 

Osyris oil, V, 198 

Osyris tenuifolia, V, 193 

Otto of rose, V, 10 

Oxalic acid, II, 201, 384 

Oxalic acid esters, II, 792 

Oxalic amide hydrazide, II, 811 

Oxamine-oxime, IJ, 810 

Oxanilhydrazide, Ii, 814 

Oxidation, II, 774, 805 

Oxidation of oils in plant material, I, 108 

Oxides, II, 705, 833 

1 ,4-Oxido-p-menthane, see 1,4-Cineole 

1 ,8-Oxido-p-menthane, see 1 '8-Cineole 

1 '4-Oxido-A? tao II, 37 

Oximation, I 

Oximes—preparation, II, 809 

Oxime branslcrne tion, I, 782, 784 

Oxo-camphor, IV, 316 

trans-Oxo-camphor (vita camphor), IV, 316 

Oxydases, I, 58 

Oxygenated ieee I, 220 

Oxypeucedanin, 

Oxystigma mannii, V, 211 

Oyapock oils (Bois de a IV, 192 

Ozone, II, 775 


Pachuli, aceite esencial de, III, 562 
Hecke material in fractionation, I, 102 ff, 


“Paddy? 8 river box,” IV, 470 
Paget method, I, 
Pala maba, V, 61, 80 
Palea camelorum, IV, 1 133 
Palladium as catalyst, II, 778 
Palmae oils, VI, 119 
Palmarosa—botany, IV, 8 
Palmarosa, India distillation, IV, 7 
Palmarosa. oil, IV, 8, 5, 134, 136; V, 25, 26, 
27, 29, 37 
—chemical composition, IV, 15 
—use, IV, 18 
India, IV, § 
Java IV, "18 
Seychelles, IV, 12 
Palmitic acid (n-hexadecanoic acid; hexa- 
decylic acid), II, 559, 577, 579, 582; 
III, 126, 157, 194, 241, 243, 256, 366, 
376, 377, 384: IV, 143, 147, 171, 304, 
348° 375, 589, 600, 653, 655, 658; vV, 
159, 231, 237, 379, 398, 425, 426, 432: 


Google 
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VI, van 94, 115, 146, 170, 173, 175, 


189, 1 
Palmitic aldehyde, V, 237 
de rosa, aceite esencial de, IV, 188, 187 
Palo santo, V, 197 
Pamplemousse, essence de, III, 847 
Par4é balsam, see Balsam Paré 
Paracelsus, I, 4 


Paraffins, I, 4, 220; II, 7; III, 242, 243, 256; 
IV, 631 


Parmone, II, 455; V, 395 
Parsley, IV, 656 
Parsley camphor, see Apiole 
Parsley herb oil, IV, 669 
Parsley oil, IV, 656 
Parsley seed oil, IV, 656 
Partheniol, II, 762 
Pastinaca opo , LV, 349 
Patchoulene, TT, 28 288; III, 574 
Patchouly—cultivation, LI, 557 
Patchouly, Penang, ITI, 554 
Retcbedly ae (patchouly camphor), II, 
I, 5 
Saeae camphor, see Patchouly alcohol 
Patchouly leaves, I, 73, 111, 159, 168 
—adulteration, Ill, 561 
—fermentation Ill, 561 
Patchouly oil, III, 552 
—adulteration, TI, 578 
—chemical com osition, III, 573 
—distillation, III, 562 
—exports, table, Ill, 556 
—physicochemical properties, III, 570 
—use, III, 675 
Achin, III, 554, 568 
Atjeh, ITI, 554 
dilem, III, 568 
Java, III, 553, 568 
Singapore, Ill, 554 
Straits Settlements, ITI, 554 
Sumatra, ITI, 554 
Patrinia scabiosaefolia, V I, 28 
Pectins from citrus fruit, Il, 47 
Pelargonaldehyde (nonanal: n-nonylalde- 
hyde), II, 154, 306, $14; III, 87, 104, 
156, 158, "200, 201, 326; IV, '228' 238: 
V, 29, 31, 44, 117; VI, 96, 283, 285 
—b.p. (Table ), I , 396 
Pelargonic acid (nonanoic acid; yaa i 
acid), i, 154, 315, 378, Sri, 578 
200, 201, 383, 469, 673} V 1;'vi, 94 


een capitatum, IV, 671, 676, 719, 


Pelargonium fragrans, IV. 

Pelargonium graveolens, iy. orl, 672, 676, 
692, 729, 733 

Pelargonium graveolens X p. terebinthina- 
ceum, IV, 692 

es a odoratissimum, IV, 671, 723, 


Pelargonium radula, IV, 671, 729 
Pelargontum radula var. quercifolium, IV, 729 
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Pelargonium radula var. rosodora, IV, 719 
Pelargonium roseum, I, 76; IV, 671, 676, 
692, 717, 726, 729 

Pelargonium terebinthinaceum, IV, 671 
Pellatrici, III, 23 
Pennyroyal oll, III, 576 

—use, III, 85 

American, III, 588 

Papen and North African, III, 576, 
. Pensky-Martin closed tester, I, 261 
Pentacosane, III, 126 
n-Pentadecane, V, 131 
Pentadecylaldehyde, IV, 304 
3,5, a ~Pentamethoxyflavone, II, 677; ITI, 


Pentanal, II, 30 

ne per Say p. * Table), I, 382 
1-Pentanol, see n-Amy] alcohol 
n-Pentanol, see n-Amy] alcohol 


Penten nylaldebyde, IV, 304, 306 
Peonol (2 os ore aac ae: Leah sa 
none), Il, 586 


Pepper botany, planting and harvesting, 


—arying, V, 138 
wey ucing Mga and qualities, V, 139 


black, Rieter " 155 
La V; 139 
Guinea, V, 155 
Japanese, oil, III, $76 
long, oil, V, 147 
Mallaguetta, V, 104 
Melegueta, V, 104 
white, V, 138, 139 
eta Vy, 139 
oil, V, 1 
Saravial, V, 189 
Pepper berry ‘oil, V, 186 
—adulteration, V, 148 
—chemical composition, V,1 <7 
ea ry aa properties, V 


144 
Syicld. V, 140 
Pepper leaf oil, V, 146 
Peppermint —cultivation in America, III, 


—cultivation in England, III, 629 

—distillation, I, 95, 109 ff, 155, toy oe 
Fep ermint, American—diseases, 

ack, III, 587, 623, 625, 628, 631; We 455 

Brazilian, see Mint, Brazilian 
“Peppermint broad-leaved, ” IV, 457, 463 
Peppermint, Franco-Mitcham, II, 628 
Peppermint, Japanese, see Mint, Japanese 
ee narrow-leaved, IV, 455, 466, 


dney, IV. 
I, 10, 6H 6 61 ff, 69 ff; III, 


_fimethy! sulfide in, I, 311 
—mentha arvensis oil in, I, 343 


, 140 


hd waka 
Pepper ol 
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Peppermint oil—occurrence in the plant, 
ITT, 588, 595, 597 
—production total, IIT, 638 
—use, IIT, 688 
American, III, 589 
—adulteration, III, 614 
—analysis, III, 61 8 
Tet cal si sonitld: ITI, 616; table, 
—distillation, III, 601 
— hysicochemical properties, III, 610; 
able, III, 613 
—redistillation and rectification, III, 


607 
—resinification, sail 611 
—storage, III, 
—yield, Ul 604, A 610; Table, III, 613 
Argentine, Ill, 63 
Brazilian, II 657 
Bulgarian, Ill, 628 
En (Mitcham), III, 628 
French, III, 6 
German, ith $20 
Hungarian UII, 636 
Italian, III, 624, 625, 633 
Japanese, see Mentha arvensis 
Mitcham, ITI, 628 
Moroccan Il, 6387 
Polish, Ill, 637 
Roumanian III, 686 
Russian, il, 621 
Pepper oil, V, 186 
Pepper oleoresin, V, 144 
Pepper tree, California, V, 165 
Pere tonet proces of citrus oil distillation, 


Pere eee esencial, 1V, 666 
ogi citriodora, III, 688 

Pola frutescens, lL, 688 

weries yee cens var. crispa forma crispa, 

Perilla Jrdescen var. crispa forma purpurea, 

, 688 

Perilla frutescens var. crispa forma viridis, 
III, 687, 689, 690 

Perilla “frutescens var. crispa forma viridis- 
crispa, III, 688 

Perilla frutescens var. viridis, I 

Perilla it IPA bac obese rare Sea II, 
488; 

Perillaldehyde (dihydrocuminaldehyde; 
4-isopropenyl-1-cyclohexenaldehyde; 
1,8(9)-p-menthadien-7-al), II, 39, 185, 
842, 346; III, 687, 689, 690; IV, 144, 
618 

Perillaldehyde oximes, III, 690, 691 

Perilla nankinensis, III, 690 

Perilla ocymoides, III, 688 

Perilla oil, III, 546, 687 

Perillene (8-isohexenyl-furan), II, 700; IIT, 


688 
Perillic acid, I1,"343 
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Perillyl alcohol sein crociminy: alcohol; 
4-isopropeny]-1 -cyclohexenecarbinol: 
1,8(9)-p-menthadien-7-ol), II, 184; III, 
272, 274, 501, 529, 681, 743; IV, 20, 
137, 149, 153, 304, 308, 359, "583; VI, 


38 
Perillyl formate, II, 185 
1,4-Peroxido-2-p-menthene, see Ascaridole 
Perroni Paladini lemon machine, III, 22 
Persil, essence de, IV, 656 
Peru balsam, see Balsam Peru 
Peru-resinotannol, V, 217 
Peruviol, V, 218 
Petersiliendl, IV, 656 
Petitgrain bergamot oil, ITI, 261, 282 
saa in bigarade oil, III, £08 
emical composition, ‘i 226 
French, III, 204 
French Guinea, III, 209 
Haitian, III, 209 
—chemical composition, III, 225 
Italian, III, 206 
North African, III, 208 
Spanish, ITI, 208 
Petitgrain bigarade water oil, ITI, asd 
Petitgrain citron, essence de, I Ill, 1 
Petitgrain citron oil, ITI, 285 
Petitgrain citronenél, III, 118 
Petitgrain grapefruit oil, III, 858 
Petitgrain lemon oil, III, 1 16, 194 
Petitgrain mandarin oil, TIT, 339, 845 
sas as naranja dulce, aceite esencial de, 
IT, 193 
Petitgrain oil, Portugal, III, 198 
Petitgrain Paraguay cultivation, III, 216 
istillation, I, 175 ff 
Petitgrain Paraguay oil, III, 218 
—chemical composition, Il, 225 
terpeneleas, ITI, 224 
Petitgrain Portugal, essence de, III, 198 
Petitgrain sweet orange oil, Ill, 198 
Petroleum in essenti oils, I 1, 332 ff; (sugg. 
. Lit.), I, 363 
Petroleum ether as solvent, I, 202 ff 
Petroselinum hortense, IV, 656 
Petroselinum sativum, IV, 666 
Petrosilane, IV, 659 
Peucedanum ostruthium, IV, 654 
Pfefferminzél, III, 5686 
Pfefferdl, V, 135 
Pfeifenstrauch, V, 407 
aa aaa IV, 280, 282, 291, 301, 304, 306, 


Pharmacological effect of essential oils, I, 82 
Phellandral (4-isopropyl-1-cyclohexenalde- 
hyde; 1-p-menthen-7-al; tetrahydrocu- 
maldehyde; tetrahydrocuminaldehyde), 
I, 75; II, 47, $44; IV, 450, 454, 455, 
461, ae 463, 513, 516, 519, 521, 523, 


525 
Phellendrene, II, 34, 399, 774, 776, 782, 784, 


785, 787; II, 475, 616, 630, 631, 681; 
IV, 133, 198, 227, 228° 304, 311, 355, 


Google 
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356, 360, 374, 448, 449, 451, 456, 476, 
477, 502, 504, 521, 558, 561, 611, 626, 
630, 644, 655, 704; V, 143, 156, 166, 
167, 168, 223, 449, 463, 494; VI, 202, 
217, 244 
—test for, I, 313 
a-Phellandrene (1,5-p-menthadiene; 1-meth- 
yl4-isoprop 1-1 ,o-cyclohexadiene), II, 
V, 20, 148, 205, 228, 233, 
359, 360, 374, 393, 441. 461, 464, 465, 
466, 467, 468, 469, 476, 478, 504, 508, 
506, 507, 508, 509, 510, 511, 512, 513, 
514, 515, 516, 517, 518, 519, 520, 521, 
522. 523, 524. 525, 541, 559, 569, 631, 
644; V, 122, 143, 167, 168, 
plea i igen 


. (Table), I, 392 
Phe andrene nitrosite, II, 784 
B-Phellandrene ([1(7),2-p-menthadiene; 1- 
methylene-4-isopropy]-2-cyclohexene], 
IT, 20, 46, 778, 779, 787; III, 104, 377; 
IV, 298, 233, 235, "460, "461, 506, 508, 
516, 520, 562, 618, 664, 667, 704; V, 
116, 117, 167, 374; VI, ‘208, 233, DA4" 
249, 281, 338 
g-Phellandrene nitrosite, IT, 785 
Phellandrene nitrosochloride, II, 783 
Phellandrenes, I, 26, 48, 57, 61, "16 
Phellandria aquatica oil, I, 76 
Phellandric acid, II, 345 
Phellandrium aquaticum, IV, 666 
Phenacetonitrile, see Benzy! cyanide 
Phenacy] bromide, II, 828 
Phenacy] esters, Il, 827, 828 
Phenacy] halides Il, 828 
f-Phenethyl alcohol, see eae alee alcohol 
B-Phenethyl isothiocyanate v, 408 
mustard oil), II a x 
Phenetol—b.p. (Table), I 
pee IV, 537; VI, 1 
p. (Table), I, 93 
Phonak ethers, II, 497, 499, 823 
Phenol in methyl salicylate, I, 293, 315 
Phenols, II, 497, 499, 766, 803, 823 
Phenols in essential oils—-determination, i Fe 
291 ff; (sugg. add. Lat.), I 
Phenylacetaldehyde (oc tolualdetsyde), II, 
293, 358 


Phenylacetamide, II, 724 
Phenylacetic acid, to 292, 298, 597, 702, 
724; III, 241, "243, 258; iP 347 
Phenylacetic acid—b.p . (Table), I, 405 
Phenylacetic acid nites, see Benz nzyl cyanide 
8-Phenylacrolein, see Cinnamal yde 
y-Phenylallyl alcohol, see Gan alcohol 
Phenyl benzoate—b.p. (Table), I, 408 
Phenyl benzyl ether—b.p. (Table), I, 407 
Phenylbutyric acid, ITI, 469 
Phenylcarbamates—preparation, I, 799 
Phenylcarbamide, II, 799 
Phenylcarbinol, see Benzyl alcohol 
o-Phenylenediamine, II, 830 
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2-Phenylethanol, see Phenyleth oe 

Phenylethyl acetate (in rose oil), 

Phenylethy] alcohol ene peraane cae 
ethyl alcohol; 2-phenylethanol), II, 292; 
III, 241; IV, 701, 706, 722; v, 23, 28° 
“4 "32, 35, 42, 310, 380, 412; VI, 73, 


le), I, 400 
pri co cyanide (hydrocinnamic acid 
nitrile; phenylpropionic acid nitrile), 
II, 724 
Phenylethylene, see Styrene 
Phenylethyl isothiocyanate, VI, 64 
Phenylethy] aera oil, see "a Phenethyl 
isothiocyanate, I 741 
Eten beta eee ITI, 256 
1-Pheny]-3-a-furylpropane, II, 701 
8-Phenylglyceric acid, II, 646° 
Phenylglycol meth lene acetal, V, 334 
n-Phenylhexane, II, 16 
Pheny ydrazine, Ii, 811, 832 
Phenylhydrazine hydrochloride, IT, 811 
Phenylhydrazine method, I, 284 
Phenylhydrazine-p-sulfonic acid, II, 813 
Phenylhydrazones—preparation, IL 811 
Phenylisocyanate, I, 47; II, 799, 824 
Phenyl isothiocyanate—b. p. (Table), I, 399 
Se a aa iN “pentamethylenethiourea, V; 


p-Phenylphenacyl1 bromide, II, 828, 830 
p-Phenylphenacy] esters, I, 828 
as -propanol, see ’ Phenylpropyl alco- 


) 
Sener piobeet Oy see Cinnamyl alco- 
se ipa hae see Hydrocinna- 


Phenylpropionic acid, II, 724 
Phenylpro ee acid nitrile, see Phenylethy] 
cyani 
Phenylpropyl acetate, IV, 254 
Baar i a alcohol (bydrocinnamy] alco- 
3-phenyl-1-propanol; +-phenyl-n- 
propyl § alcohol), II, 294; IV, 233; V, 


—b.p. (Table), I, 402 
7-Phenyl-n-propy] alcohol, see Phenylpropyl 
coho 
Phenylpropyl aldehyde, IV, 228 
Phenylpropyl cinnamate, V, 247, 249, 254 
Phenylpropyl isothiocyanate, VI, "64 
4-Phenylsemicarbazide, II, 818 
4-Phenylsemicarbazones—preparation, II, 
8 


Phenylsemioxamazide, II, 820 

Phenyl] sulfide—b.p. (Table), I, 407 

Phenylurethanes—preparation, II, 798, 799 

Philadelphus coronarius, concrete and abso- 
lute, V, 407 

Philiatrus, see Gesner, C. 

Phloracetophenone dimethyl ether (2-hy- 
droxy-4,6-dimethoxyacetophenone; 
xanthoxylin), II, 643; IV, 506; V, 432 
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Phlorol methy] ether, V, 428 
Phloryl isobutyrate, V, 428 
Phorbine, I, 49 
Phosphorus acid, IT, 794 
Phosphorus entachloride, II, 781 
Photoanethole, IT, 5 
Photosynthesis i in ants I, 68 
Phthalates, II, 794, 795 
Phthalates as adulterants, I, 342 ff 
Phthalic acid—b.p. (Table), 1, 391 
Phthalic acid esters, II, 794, 795 
Phthalic anhydride, IT ak 795, 824 
Phthalic monoesters, I Il, 7 
Phthalide—b.p. (Table), . 407 
Phyllocladene (dacrene; sciado aca ce 
also Gate Table), I, 38; II, 
VI, 197, 311, 312 

Physodic acid, at 184 
Phytol, I, 37, 
Phytosterol, iI 126, 157, 357, 366 
Phytosterolin Lil, 128 
Picea alba, V1, 203, 207, 208 
Picea abies, vi, 201 
Picea canadensis VI, 203, 207 
Picea excelsa, VI, 201 
Picea glauca, VI, 203, 207 
Picea jezoensis, VI, 217, 219, 220 
Picea mariana, VI, 203, 207, 209 
Picea nigra, VI, 203, 207 
Picea obovata, VI, 214 
Picea vulgaris, vi, 201 
Picene, VI, 208 
Picene derivatives, I, 39 
Picrates—pre reparation, ID, 7 IT, 788, 789 
Picric acid, I 
Picrocrocin, i, 348, 80, BB 
Pili, IV, 357 
Pilocarpene, III, 375 
Pilocarpus jaborandi III, $7. 
Pilocarpus microphyllus iit ose 
Pia a ae uy Ut 3 374 

tlocarpus sprcatus, 
Pilot stills, Tist 
Pimaric acid, V, O46 
d-Pimaric acid, 1, 35, 37 
Pimenta—botany, IV, $70 
Pimenta acris, IV, 379 
Pimenta berries—distillation, I, 159 
Pimenta berry oil, IV, 878 
Pimenta citrifolia TV, 379 
Pimenta leaf oil, IV, 376 
Pimenta o inalis, IV, 870 
Pimenta oil, IV, 370 
Pimenta oil—phenols i in, I, 293 
Pimenta racemosa, IV, 873 
Pimento oil, see Pimenta oe 
Pimtenta negra, aceite esencial 
Pimpinela anisum, III, 373; 1. $63, 583 


361 
Pimpinellin | ©, pag rigs ir intial 5’,7,8- 


, 660, 686, 687 
Pinaceae oils, Yt tee 
Pinacone, II, 307 
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Pinane, I, 28, 30 
3-Pinanol, see Pinocampheol 
Pine, Alaska, VI, 203 
bishop, VI, 283 
bristlecone, VI, 280 
Colorado, anyon, VI, 282 
Coulter, vi. 33 
Cuban, VI, 360 
digger, VI, "256, 279, 285 
dwarf, VI, 239, 251, 373 
needle oil, VI, 239 
eastern white, VI, 285 
foxtail, VI, 280 
Georgia, VI, 259 
hard, VI, 259 
heart, VI, 259 


Huon, leaf oil, VI, 197 
wood oil, VI, 196 
Jack, VI 281 
Jeffrey, VI, at 279, 283 
knobcone, VI, 280 
limber, vi, 283 
loblolly, VI, 279, 285 
lodgepole, VI, 281 
longleaf, VI, 256, 259, 279, 283 
longstraw, VI, 259 
Monterey, VI, 284 
mountain, VI, 373 
mountain, Swiss, VI, 239 
Norway, VI, 245, 284 
pinyon, single leaf, VI, 283 
pitch, Caribbean, VI, 256 
pond, VI, 285 
ponderosa, VI, 284 
Rocky mountain, VI, 284 


Scotch, VI, 245 
shortleaf, VI, 282 
slash, V I, 256, 260, 279, 281, 289, 290 
southern ‘yellow, VI, 9 
spruce, VI, 282 
stone, Swiss, VI, 251 
sugar, VI, 283 
swamp, VI, 260 
torrey, VI, 285 
umbrella, VI, 311 
Virginia, VI, 286 
western, white, VI, 283 
white Mexican, VI, 256 
whitebark, VI, 280 
yellow slash VI, 260 
Pine gum, see Pine oleoresin 
Pinene, Ii, 27, 34, 43, 430, 781, 782; III, 
194, 24 43, 256, 363, 410, 501, 502, 630, 
681, 687, 737, 763; IV, 144. 147, 204. 
301, 303, 347, 360, 449, 456, 457, 459, 
460, 462, 463, 467, 468, 469, 471, 473, 
504, 505, 507, 522, 535, 572, 618, 643, 
664, 667; V, 494; VI, 27, 52, 211, 297, 


Google 


INDEX, VOLUMES I-VI 


a-Pinene, IT, 49, 54, 62, 70, 444, 708, 775, 
777, 783; Il, 86, 103, 117, 240, 272, 
274, 326, 347, 355, 384, 409, 423. 427, 
439, 464, 475, 500, 511, 518, 526, 529, 
538, 549, 581, 585, 616, 623, 633, 655, 
672, 689, 708, 716, 755; IV, 146, 149, 
151, 197, 198, 202, 205, 209, 297. 233, 
297, 304, 311, 355, 303, 485, 504, 505, 
506, 507, 508, 509, 510, 511, 512, 513, 
514, 5165, 516, 517, 518, 519, 520, 521, 
522, 523, 524. 525, 528, 531, 534, 536, 
539, 547, 552, 559, 569, 589, 590, 
618, 631, 642, 647, 648, 655, 658, 704; 

77, 78, 80, 125, 126, 128, 130, 
160, 167, 170, 263, 308, 309, 373, 429, 
430, 466, 469, 472, 474, 486; VI, 31, 
61, 114, "115, 126, 146, 197, 202, '208, 
209, 211, 212, 213, 214, 216, 217, 220, 
221, 228. 231, 232, 233, 243, 248, 249, 
250, 251, 252, 253, 275, 277, 278, 280, 
281, 282, 283, 284, 285, 286, 287 fn., 
288, 289, 295, 296, 302, '303, 306, 311, 
312, 317, 328, 335, 337, 340, 341, 344, 
345, 348 a ee 365, 380, 389 

B-Pinene ae IL 49, 62, 70, 232, 233, 

, (77; ITI, 86 103, 225, 326, 439, 
514, 515, 756; IV, 205, 237, 304, 311, 
356, 434, 520, 534, 611, 618, 647, 648: 
V, 77, 143, 263, 373, 430, 474; VI, 197, 
208, 209, 211, 212, 213, 214, 216, 220, 
221, 233, 243° 249, 250, 251, 253, 275, 
277, 278, 280, 281, 282. 283° 284, 285 
286, 287 {n., 288, 289, 295, 296, 302, 303 

Pine needle oil, Japanese, VI, 2 

‘“‘Pine’”’ needle oil, Siberian, VL ait 

Pinene nitrosochloride II, 781, 782, 783 

Pinenes, I, 29, 48, 63 ff, 73, 160 

Pine oil, 297 

synthetic, VI, 296 
Pine patois of obtaining, VI, 


pak chipping, VI, 266 
—boxing, VI, 261 
—chemical stimulation, VI, 266 
—chipping, VI, 2 
—cup system, VL 268 
—dipping, VI, 267 
—fungus stimulation, VI, 266 

Pine oleoresin—methods of processing, VI, 

67 


—central stills, VI, 270 

—fire fe VI, AL ae 

—gum cleaning, 

‘gum farming,”’ VI, a1 

—steam stills, VI, 269 [VI, 27 
Pine oleoresin—oil yield, VI, 271; ' (fabled 

—physicochemical properties, VI, 278 
Pine oleoresins from individual pine species, 

VI, 279; (Tables), VI, 280 ff 

Pine tar, VL 305 
Pine tar oils, VI, 305 [440 
Pinocampheol (3-pinanol), II, 237, 442; III, 
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hae yr ae II, 442; Ill, 437, 438, 439, 


Pinocarveol, IT, 231; BAe 485; VI, 277, 289 
Pinocarvone, il, 63, 232 ” 933” 446, 809: IV, 


485, 487 
Pinol, I, 63; II, 718 
6-Pinolene, TL, 74 
Pinol hydrate, I, 58, 713; V, 167 
Pinonene, see A‘ -Carene 
Pinonic acid, IT, 58 
Pinononic acid, II, 446 
Pinus albicaulis, VI, 280 
Pinus aristata, VI, 280 
Pinus attenuata, VI, 280 
Pinus ayacahuite, VI, 256 
Pinus balfouriana, vi 380 
Pinus balsamea, VI, ri 
Pinus banksiana VI, 281 
Pinus caribaea, VI, 256, 260, 279, 281, 289 
Pinus cembra, VI, 261, 252, 253 
Pinus clausa, VI, 281 
Pinus contorta var. latifolia, VI, 281 
Pinus coultert, VI, 281 
Pinus echinata, vi, 282 
Pinus edulis, VI, 282 
Pinus flerilis, VI, 282 
Pinus glabra, VI "988 
Pinus jeffreyt, Vi, 279, 288 
Pinus lambertiana, VI, 288 
Pinus monophylla, VI, 288 
Pinus montana, var. mugus, VI 
Pinus montana var. pumilio, vi, 23. 839 
Pinus montana var. rotundata, VI, 889 
Pinus monticola, V1, 288 
Pinus mugo (i.e., Pinus mugo var. sar are 
VI, 202, 297, 239, 251, 252, 33 
Pinus muricata, VI, 283 
Pinus palustris, VI, 256, 257, 259, 279, £83 
Pinus ponderosa, VI, 279, 28h 287 f n. 
Pinus ponderosa var. jeffreyi, I, 2838 
Pinus ponderosa var. scopulorum, VI, 284 
Pinus pumilio, VI, 227, 239 
Pinus radiata, V1, 284 
Pinus resinosa, VI, 284 
Pinus rigida, VI, 287 fn. 
Pinus rigida var. serotina, VI, 285 
Pinus sabiniana, VI, 279, 285 
Pinus strobus, VI, 286 
Pinus sylvestris, VI, 202, 246, 250, 251 
—leaf (needle) oil, VI, 246 
—root oil, VI, 261 
—turpentine oil, VI, 250 
Pinus taeda, V1, 286 
Pinus torreyana, V1 285 
Pinus virginiana, VI, 286 
Pinus washoensis, VI, 286 
Piperaceae oils, V, 133 
gait acufolisim var. subverbascifolium, V, 
57, 160 
Piper angustifolium, V, 157, 159 
Pipe Cue Orem var. ossanum, V, 157, 
9 


Piper asperifolzum, V, 157, 160 
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Piper betle, V, 160 

Piper camphoriferum, V, 157, 159 

Piper clusit, V, 149, 155 

Piper crassipes, V, 155 

Piper cubeba, V , 148, 155 

Piperettine, Vv 145 

Piper eters A 149, 155, 156 

Piperic acid 

Piperidine 3 143, 146 

Piperine, , 144, 146 

Piperitenone (1, '4(8)- -p-menthadien-3-one; 
1-met hyl-4-isopro TP ee ais clohex- 
en-2 one], I, ais : 416, 417; ITI, 578, 
579, 580, 581, 

Piperitenone ede ons II, 52 

Piperitol (1-p-menthen-3-ol; 1-methy]-4+-iso- 
propyl-l-cyclohexen-3 ol), I, 57, 61; II, 

396; IV, 451, 467, 468, 469, 

505, 306, 516, 517 

Piperitone (1- menthen-3-one; shar 1- 
B7 ea ty -1-cyclohexen-3-one), I 
57, 61; Il, 197, 211, 212, 396, 411, 810; 
II, 579, 580, 581, 617, 621, 645, 656, 
657; IV, 143, 147, 234, 304, 307, 441, 
449, 450, 451, 464, 465, 467, 468, 469, 
476, 477, 502, 504, 505, 506, 509, 510, 
at 512, 514, 516, 517, 519, 522, 524, 


Piper japonicum, III, 876 
Piper pogeana , 197, 1659 
Piper longum, V r 
Piper lowong, V, 1 
Piper molissimum, v, 155 
Piper mollicomum, Vv, 157, 160 
Piper nigrum, V, 136, 1468 
—botany, Vv, 1 
Piper officinarum, V, 147 
Piperonal (heliotropin; 3,4-methylenedio 5, 2, 
benzalde hyde), I u 2586, 527, 530 
III, 529; 04, '318; V, 56 
—b.p. ' (Pabie),'I 
Piperonalacetone, ‘tL 3 365 
Piperonylacetic acid, II, 527 
Piperonylacrolein, IV, 304 
Piperonylic acid (3, 4-methylenedioxybenzoic 
ote a IT, 365, 366, 527, 530, 601; IV, 


Piper ri Nhestoides, V, 149, 155 
Pipkin peel oil press, il, 52 
Pistacia lentiscus, V, 1 69 
Piz juntpert, V1, 384 
Plant material (see also Bark material, Fruit 
material, Herb material, Leaf material, 
Seed material) 
—comminution, I, 7, 104, 116, 121, 159 
—disposal of exhausted ed, I, 1 
—distillation, see Distillation of plants 
—drying—oil changes during, I, 110 
oes oil content—determination, I, 


—evaporation of essential oils, I, 106, 108 
—field distillation, I, 174 
—glycoside reaction, I, 111 
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Plant Material—granulation, I, 149, 162 
—oil loss during storage, I, 77 
—oxidation of oils in 108 
= preparation for distillation, I, 104, 


eee of oils, I, 108, 111, 173, 


—storage, I, 77, 108 
Plant metabolism, I, 66 ff 
Plant tissue—moisture and heat effect on, 


I, 167 
Platinum as catalyst, II, 778 
liny, I, 3 
Poang, Iv, 150 
Podocarpaceae oils, VI, 1 
Podocarprene, I, 38 iL 135 (see also Diter- 
peste 4 table): vi 3 311 
oeng, IV, 146 
Poedoeng semoe merah, IV, 146 
Pogostemon cablin, III, 652, 565, 568 
Pogostemon heyneanus, III, 553, 561, 568 
Pogostemon hortensis, {II, | 553, 568 
Pogostemon patchouli, IIT, 552, 553 
Pogostemon patchouli var. suavis, III, 653 
Powvre, essence de, V, 185 
Polarimeters, I, 342, 
Polarographic methods, II, 772 
Polewél, III, 576 
Aretha. III, 588 
Poleo, aceite esencial de, III, 576 
Americano , aceite esencial de, III, 583 
Pollination of plants, I, 78 
Polyanthes tuberosa, V, ‘$48 
Polymerization, II, 805 
Polymethacrylic acid, V, 437 
Polymyrcene, IT, 9 
Polyploidy in plants, I, 76 
Polyporus gilvus, VI, ” 323 
Polysulfides, VI, 69 
Polyterpenes, I, "20 ff, 40, 49 
Pomades, floral, I, 193 ff, 198 ff, 217 
Pommade de fleur d@’oranger, Ill, 259 
ee af 
ompelmusdl, oa aed 
Pom erene, V 
Populene, II, Wea” 
Porta, G. B. ‘della, I, 6 
Portugaldl, III, 118 
dake a dichromate—oxidation with, IT, 
5 


Potassium hydroxide solubility test, I, 252 
Potassium myronate, 
Potassium permanganate—oxidation with, 


II, 775 

Pouliot, essence de, ITI, 576 
Prenol, TL, 512 
Preasure—effect on boiling point, I, 90 

—distillation, I, 91 

—water /oil ratio I, 96 
Pressure differential in stills, I, 165 
Pressure he a aaa (Table), I, 104 
Prevarka 
Primeverose, VI, li 
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Primulaceae - V, 416 

Proctor, W.., Jr., I, 9 

Propanol, th 305 

p-Propenylanisole, see Anethole 

4-Propenylguaiacol, see Isoeugenol 

Propeny] isothiocyanate, II, 787; VI, 60 

yo openy paced II, 512 
penylpyrocatechoimethylene ether, see 


4-P =e te 1 Meth 
ropenylveratrole, see Met ha 
Propionaldebyde, If. IL, 305, 309, 807; IV, 304 


Bros ticie acid, IT, 559, 561, 562, 565; ITI, 
4753 1V, 144, 308, 305; V, 397; VI, 338, 


—b.p. (Table), I 
Propionic anhydride Tl 
—b.p. (Table), I, 00° 
Propy! acetate—b.p. (Table), I, 
8-Propylacrolein, see dHeneh-leal 
B-Propylacrylic acid, see a,8-Hexenic acid 
n-Propyl alcohol—b. p. (Table), I, 384 
n-Propyl benzene, I, 42 
n-Propyl benzoate—b. p. (Table), I, 401 
Propy] butyrate—b.p. (Table), I, 388 
4-Propy]l-1,2-catechol, IV, 310 
Propyl formate—b. p. ’ (Table), I, on 
Propyl isobutyrate—b.p. ( Table), I ‘ 
Propy] isovalerate—b.p. (Table), I, 350 
Propyl propionate—b.p. (Table), I, 387 
Se ropylphenol, II, 513 
ropy] pyrocatechol, IV, 304, 310 
Proteins in plants, I, 55 
Proteum (Icica) altissimum, IV, 183 
Protocatechualdehyde, IV, 318 
Protocatechualdehyde dimethyl ether, see 
Methylvanillin 
Pap ecea ee nua iten vere my ether, see 
Tani 
Prulaurasin, IT, ae V, 54 
Prunasin, i, 
Prunus a eas var. amara, V, 48 
Prunus laurocerasus, IV, 204; V, ‘64 
Prussic acid, see Hydrocyanic acid 
Pseudocedrol, VI, 362, 363, 367, 383 
Pseudo-ionone, i, 459 
Pseudo-irone, II, 468 
Pseudonitrosites, Il, 784 
Pseudo-saccharin chloride, II, 803 
Pseudotsuga douglasit, VI, 210, 211 
Pseudotsuga glauca, VI, 211 
Pseudotsuga mucronata, VI, 210 
Pseudotsuga taxifolia, VI, 210, 212 
—leaf (needle) oil, V1, 210 
—turpentine oil, VI, 212 
Puccines menthae, III, 669 
Pulegol [4(8) menthen-3-ol; 1-methy]l-4- 
lsopropyli enecyclohexan-3-oll, Il, 207, 
403, 718 
Pulegone [4(8)-p-menthen-3-one; 1-methyl- 
ae Prop Y Ac enlecy GDaexat One ’ 
: 16, 480, 810; III, 434, 
575, 579, 580, 581, 584, 585, 620, 658, 
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ied 684, 691, 692, 693, 694, 695; IV, 


. (Table), 1, 400 
Pulfric ‘refractometer, I, 244 ff 
Pumiliol, VI, 244 . 
Pumilone, VI, 245 
Pummelo, Ill, 348 
Pycnanthemum incanum, IIT, 691 
Pycnanthemum lanceolatum III, 692 
Pycnanthemum muticum, Tit, 693 
Pycnanthemum oils, III, 691 
Pycnanthemum pilosum, TH, 694 
Pycnometers, I, 237 ff 
Pyrazoles, Me 812 
Pyrethrin, I, 28 
Pyridine—b. p. (Table), I, 
Pyridinium acetohydraside ooh loride, IT, 815 
Pyrobetulin, VI, 19 
Pyrocatechol, VI 19, 385 
Pyroligneous acid, VI, 304 
a- and g-Pyronene, VI, 306 
Pyroterebic acid, I, 53. 
Pyrrole, IIT, 117, 194, 225, 242, a Ba 38 
Pyruvic acid, I, 53 {, 330, 806 


Quaternary ammonium salts of fe teectaes 
II, 814, 815 
“Quatre épices,”? IV, 370 
lol, III, 761 
enopodio, aceite esencial, VI, 151 
uercetanus, I, 6 
inoline, III, 213 
inones, II, 647 
inta essentia (Quintessence), I, 4 


Radish, black, VI, 62 
Radish, white, VI 62 
Radish’ oil, VI, 62 
Radiz galangae majoris, V, 129 
Radiz galangae minoris, v, 1 

Radiz sumbul, IV, 

Ragweed (ambrosia elattor), IIT, 604 
Rainfarnél, V, 480 

Ralla, J., 1, 5 ‘ff 

Raman effect, II, 772 

Ramino sfumatrice, III, sit 

Raney nickel as ca 


Raphanol, VI, 62 
Raphanus sativus var. albus, VI, 62 
Raphanus sativus var. niger VI; 62 
Raschig rings, I, 103, 181 ff 
Rau-kusu, V, 280, 281, 291, 294 
Rautendl, ITT, 878 
Rectification of essential oils, I, 178 ff 
Rectification stills, I, 179 
Redistillation of distillation water (cohoba- 
tion), I, 122, 140, 154 ff, 158 ff, 160 
Redistillation of essential oils, I, 178 ff 
apne fi 58 — 
ractive index, 
Refractive index—change with temperature 
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oe I, 246 ff; (sugg. add. Lit.), I, 
aa ae index of alcohol-water mixtures, 


3 
—of essential oils, I, 244 ff 
Refractometers, I, 244 ff 
nee erenog of acids from alkali salts, IT, 


Heer eraton of alcohols from allophanates, 
Regeneration of alcohols from benzoicesters, 
Regeneration of alcohols from boric esters, 


Regeneration of alcohols from phthalic acid 
esters, II, 794 

Regeneration of aldehydes and ketones from 
alia (Allen and Gates), ITI, 817, 


Regeneration of aldehydes and ketones from 
oximes, II, 810 

Regeneration of aldehydes and ketones from 
phenylhydrazones, II, 812 

Regeneration of aldehydes and ketones from 
ae bisulfite addition products, IJ, 


Regeneration of aldehydes and ketones from 
thiosemicarbazones, II, 819 

Regeneration of hydrocarbons from hydro- 
gen halides, I 

Regeneration of hydrocarbons from nitroso- 
chlorides, II, 783 

Regeneration of "hydrocarbons from picric 
esters, IT, 789 

Regeneration of ketones from hydrazones 
(Girard and Sandulesco), II, 815, 816 

Regeneration of phenols from phenolates, 

Reiff, W., I, 5 

Reseda, concrete and absolute, V, 401 

Resedaceae oils, V, 899 

“Reseda-geraniol,” V, 401 

Reseda odorata, V, 401 

Reseda odorata var. gigantea, V, 401 

Reseda odorata var. grandiflora, V, 401 

Reseda odorata var. pyramidalis, V, 401 

Resin acids, I, 31, 37 

Resinification during distillation, I, 173, 180 

Resinoids, I, 204, 213 

—sampling, I, 234 

Resinols, I, 44 

Resinous ards VI, 27 

Retorts in distillation is 123 ff, 131, 146 

Réuniol, IV, 701; V 

Rhizoninic acid, VI, 1 

Rhizoninic acid. eth oe VI, 187 

Rhizoninic ester, VI, 185 

Rhodinal, see Citronellal 

Rhodinic ‘acid, see Citronellic acid 

Rhodinol, see L-Citronellol 

“Rhodinol,” IV, 687, 701; see also I-Citron- 


ellol 
Rhodinol de pélargonium, IV, 701 
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Rhodinolic acid, see Citronellic acid 

Rimulene, IT, 125 (see also Dien table) 

Robertium macrorrhizum, IV, 671, 784 

Roempot pipit, AS 150 

Roller Poul’ T 

Romarin, ae ve III, 695 

Romero, aceite esencial de, III, 696 

Rémisch-Kamillenél, V, 433 

Root material—comminution and distilla- 
tion, I, 105 ff, 145, 149 

Rosa alba, V, 5, 7, 33, 36 


Rosa CyHiers V, 5, 32, 38, 39, 40, 41, 42, 
Rosa damascena, V, 5, 6, 7, 25, 33, 35, 36, 
38, 39, 41, 43, 45 
Rosa damascena var. alba, V, 5 
Rosa damascena forma trigintipetala, V,6 
Rosa gallica, V, 5 
Rosa indica, V, 45 
Rose—botany, V, 6 
—cultivation, Bulgaria, We 7 
—cultivation, France, V 
—cultivation, Morocco, | We oe 46 
—cultivation, Turkey, V 
—distillation, Bulgaria, vin 10 
—distillation, Turkey, V, 37 
Brunner, V, 
concrete and ote, Bulgarian, V, 32 
—French, V, 40 
~—Moroccan, V, 44 


—use, V, 47 
Hafis, V, 36 
pink cabbage, V, 5 
ae damask, ‘ a 
white cottage, V 
Rose lectins I, 218 
Rose de Mai, V, 38, 39, 40, 41 
Rose eztraits, V, 38 
Rosemary—distribution, I, 151 
Rosemary oil, III, 695 
—chemical composition, III, 708 
Dalmatian, III, 701 
French, II , 699 
Italian, Ill, 707 
Moroccan, III, 706 
Russian, III, 707 
S anish, III, 697 
unisian, Ill, 708 
Rosenholzél, IV, 183 
Rose oil, V, 3 
—history, V, 8 
—use, V, 47 
Bulgarian, V, 6 
distilled, V, 10 
—analysis and adulteration, V, 25 
—chemical composition, V, 29 
—ethyl alcohol content, V, 23 
—physicochemical properties, V, 17 
-——rhodinol (citronellol) content, V, 
19, 27 


Google 
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Rose oil, Bul distilled—stearoptene 
content, pari . 
—total Coser V, 33 
—-yield and quality, V, 12, 16 
extracted sake _ absolute), V, 82 
peasant, V 
French, distilled, V 
extracted (Cue and absolute), V, 


4 
Moroccan, distilled, V, 42 
Russian, distilled, V, 48 
Turkish, distilled, Vv; 36 
Rose oils—stearoptene i in, I, 327 
Roseol, V, 29 
Rose pommades, V, 38 
Rose water, V, 3, 6, 39, 40, 42 
Roses—distillation, T 113, 146 ff 
—extraction, I, 198 
Rosewood oil, IV, 1838 
Brazil, IV I 87 
Cayenne, LV, 188 


| Rosha grass, IV, 3 


Rosin, VI, 273 

Rosin as adulterant, I, 334 ff 

Rosmarinus flexuosus, III, 704 

Rosmarinus lavandulaceus, III, 696 

Rosmarinus laxiflorus, III, 696, 704 

Rosmarinus pp aie I, 80; Ill, 695, 704 

eae officinalis var. angustifolius, 

) 

Rosmarinus officinalts var. genutna, IIT, 695 

Rosmarinus officinalis var. genuina forma 
albiflorus, III, 696 

Rosmarinus officinalis var. genuina forma 
erectus, I1I, 695 

Rosmarinus ofteinali var. genuina forma 
humilis, III, 696 

Rosmarinus officinalis var. latifolius, III, 696 

Onna anus officinalis var. pubescens, III 
9 

Rosmarinus officinalis var. pubescens forma 
roseus, III, 696 

Rosmarinus officinalis var. rigidus, III, 696 

Rosmarinus tournefortit, III, 696 

Rotary extractors, I, 200, 

Rotary juice extractors, ll 

Rotary rasping machines, it 23 

Rouelle, G. F., 

Row mint, Ill, 593 

Rubiaceae oils, V, 353 

Rubus rosaefolius, I, 66 

Ruda, aceite esencial de, III, 878 

Rue oil, III, 378 

Rusa grass, IV, 3 

Rusha grass, IV, 3 

Russian leather odor VI, 17 

Ruta angustifolia, It, 878 

Ruta bracteosa, ITT, 378 

Rutaceae oils, Ll, ; 1, 362 

Ruta graveolens, Ill, 878 

Ruta montana, III, 378 

Rutolide, III, 384 

Ryff, see Reiff, W. 
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B-Santalol, II, 266 pas 612; V, 185, 186 | Scammell method, I, 


—b.p. (Table), I, 40 

Santalone, II, 494; V, 186 

Santalum album, III, 385; V, 173 

Santalum cygnorum, III, 

Santalum lanceolatum, V, 191, 192 

Santalum preissianum, V, 190 

Santalum spicatum, III, 385; V, 189 

Santalum zygnorum, V, 1 

Santene, I, 19; II, 79, 777, a ae 782, 
784: V, 185; VI, 202, 209, 2 

Santene hydrate, IT, 80, 229, 6” 

Santenic acid, II, 230 

Santenol (santenone alcohol), IT, 80, £29; 
V, 185, 187 

Santenone (x-norcamphor), II, 229, 438; V, 


Santenone alcohol, see Santenol 
Santolina chamaecyparissus, V, 475 
a-Santolinenone [1(7)- p-menthen-2-one; : 
1-methylene-4-isopropylcyclohexan- 
2-one], IT, 410; V, 4 
B-Santolinenone (3(8)- Za nlentlion 4a: 
3(8)-m-menthen-4-one; 1-methy]-3-iso- 
propylidenecyclohexan-2-one; 1-meth- 
yl-3-isopropy lidency clohexan-4-onel], IT, 
410; V, 477 
Santolinenones, II, 410, 810; V, 477 
Santonin, I, 33, 82: V, 455, 485 
Santonine, see Santonin 
Santoninic acid, V, 485 
Sapogenin, III, 173 
Saponification, TL, 831 
Saponification equivalent, II, 831 
Saponification for assay of esters, 1 I, 265 ff 
Saponification flasks (Diag.), I, 
Saponification number, II, 831 
Saponins, I, 38 
Sariette, essence de, III, 739 
Sasafras, aceite esencial de, IV, 198 
Sassafras, North American, IV, 198 
Sassafras albidum, IV, 198 
Sassafras leaf oil, IV, 198 
Sassafras oil, IV, 193 
—safrole in, I, 329 
Brazilian, IV, 199 
North American, IV, 198 
synthetic, IV, 303, 318 
Satureia hortensis, Ill, 7389 
Satureia montana, Ill, 739 
Satureia oils, ITI, 739 
Sauge, essence de, III, 710 
Sauge espagnole, essence de or i 
Sauge sclarée, essence de, Il, 7 
Saussurea lappa, V, 446 
Savin—distillation, I, 159 
Savin oil, VI, 386 
—chemical composition, VI, 388 
— physicochemical properties, VI, 387 
—use, VI, 389 
French, VI 386, 388 
Savory oils, III, 789 
Saxifragaceae oils, V, 406 
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Schimmel solubility test, IV, 75, 78 
Schimmel tests, I, 332 ff, 341 
Schinus molle, V, 165 
—from berries, V, 166 
—from leaves, V, 167 
—from leaves and berries, V, Fe 
Schlangenwurzelol, canadisches, VI, 145 
Schotten-Baumann reaction, ene 796 
Sciadopitene, see Phyllocladene 
Sciadopitys ee VI, $11 
Scilla ee VI, 7 
Sclareol 7,11 125 (see also Diterpene 
table); II rit, 73 
Seafennel oil, iv. O08 
Seafennel oil, Russia, IV, 665 
Sebacic acid—b. p. (Table), I, 409 
Sedanolic acid (1-e-hydroxy’ amyl]-A*-tetra- 
hydrobenzoic acid), II, 694; IV, 599 
Sedanolide (a?-tetrahydro-n-butyl ' phthal- 
ide), II, 694; IV, 596, 599 
Sedanonic acid, Il, 609, 695 
Sedanonic anhydride (a2-tetraby: dro-n-bu- 
BO ae phthalide), II, 609, 693; IV, 
599, 652 
Seed material—comminution and 
tion, I, 105 ff, 116, 127, 149, 162 ff 
Seefenchelél, IV, 668 
Selinelol, see ‘Eudesmol 
Selinene, I 81, 108, 274, 758, 776, 778, 779; 


Selinene hydrate, IT, 776 

Selinenol, II, 108, “BB. IV, 599 

Sellerieél, IV, 691 

Semen cinae, V, 485 

nears d’ Amerique, essence de, VI, 
161 


Semicarbazide, II, 811, 818 
Semicarbazide hydrochloride, IT, 818 
Semicarbazido-semicarbazone, i, 819 
Semicarbazones— hice II, 818 
Semioxamazide, if, 81 

Semmler, F. W,, 

Senecic acid, I, og’ ° 

Pig acid, see Isopropylidenacetic acid 
Senfol, VI 

Sequoiene, tL 758 

Sereh grass, IV, 82, 84 

Seringat, V, 407 

Serpentaire du Canada, essence de, VI, 145 
Serpentaria, aceite esencial, VI, 1 

Serpolet, essence de, III, 761 
Sesquibenihene, Il, 98 

Sesquibenihidiol I, 764 

Sesquibenihiol, IT, 268 

Sesquicamphenol IH, oH 

Sesquichamene, II, 749; VI 
Sesquicitronellene, II, 88, 259; IV, 81, 


114 
Sesquicryptol, IT, ee; VI, 317 
Sesquigoyol, 1, UI, I, 758 
Sesquiterpenel ees essential oils, I, 218 ff, 


INDEX, VOLUMES I-VI 


Sesquiterpenes, IT, 87, 128, 747 
—boiling ran , 49, 
—chemistry, I, '20 ff, 29 ff, 35, 219 
—removal from essential oils, ‘2 218 ff 
—solubility, I, 220 
aliphatic, il, 88 
bicyclic, IT, 91, 747 
monocy clic, IL, 84 
tiiéyclte: Il, 112, 749 
of unknown constitution, II, 743, 750 
Sfumatrici, IIT, 15, 91, 94, 336 
Shaddock THI, 348 
Shairol, If, 763 
Sharples super-centrifuges, ITI, 57 
Shikimi, V, 378 
Shin-yo-yu, VI, 217 
Shiu oil, ITI, 546; IV, 280 
Shiu-sho, IV, 280 


Shogaol ({4-hydroxy-3-metho pene 
yl-n-a,6-heptenyl ketone), Pri 
Sho-gyu, i 280, 282, 290, 301, 304, 308, 
l 
a-Shogyuene, IV, 304 


gyu 

Shojunol, IT, 272, 760; IV, 313 

Side-chain halogens—tests, I, 309 

Silver compounds, IT, 819 

Silver salts, II, 827 

Silver wattle, V, 234 

Sinalbin, II, 742: VI, 61 

Sinalbin mustard oil, see 4-Hydroxybenzyl 
Rectal ites 
ast bisulfate, II, 742 

liquids—distillation, I, 89, 
OT en 101 ff 
—fractionation, I, 100 

Sinigrin, II, 734; VI, 56, 57, 63 

Sirih, V, 160 

Sitosterol, II, 686; III, 126 

Skatole (3-methylindole; B-methylindole), 

Skunk, I, 19 

Smyrnium perfoliatum, IV, 736 

Snakeroot, Canadian, oil il, VI, 145 

Snakeroot, Texas, VI, 145 

Snakeroot, Virginia, Vi 1 145 fn. 

Soap test, L, 312 

Sobrerol, IL, 58, 63, 713; V, 167; VI, 295 

Sodium bisulfite—reaction products, IT, 808 

Sodium bisulfite solubility test, I, 252 

sae dichromate—oxidation with, II, 
75 

Sodium hydroxide, alcoholic, I, 266 

Sodium sulfite—reaction products, IT, 808 

Solidago odora, V, 464 

Solubility of essential oils, I, 249 ff 

Solubility test for petroleum, I, 332 ff 

eae volatile, see Extraction of flower 
oi 

Sparassis ramosa, VI, 187 

Sparassol, VI, 187 [237 

Spartium junceum, concrete and absolute, V, 

Spearmint—cultivation, ITI, 677 

Spearmint, Scotch, III, 677. 
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Spearmint oil, I, 61 ff; III, 676 
Japanese—chemical composition, III, 683 
Russian—chemical composition, Ill, 682 

Speciale pellatrice, III, 24 

Speciale sfumairice, Ill, 18 

Specific gravity, II, 1 

Specific gravity —(sug g. add. Lit.), I, 349 
—change with temperature (Table), 239 ff 
—factors for conversion anes I, 241 

Specific gravity of essential oils, I , 236 ff 

Spectrophotometric methods, i, 772 

Spermaceti, V, 25 

Sphaceloma menthae, III, 605 

Spike lavender, III, "442" 504 

Spike oil, III, 504 

—history, {, 5 ff 

Spiraea ulmaria, V, 56 

Spirits of turpentine, see Turpentine, gum 

spirits of 

Spoilage of essential oils, I, 377 ff 

Sponge process of citrus oil expression, III, 


7, 
Spotted ‘gum, i pid 
Sprengel tubes, I 
Sprout lichen, vi in 179 
Spruce, VI, 201 
Spruce, black, VI, 203, 207, 209 
Norway, vi, 201 
white, VI, 203, 207 
Spruce oil, VI, 208 
—chemical composition, VI, 208 
Spruce oa Be see Turpentine, sulfite 
Squalene, 
Stalk material—comminution and distilla- 
tion, I, 106, 149 
Star anise—botany y, V, 861 
—distillation, V, 365, 366 
—planting and cultivating, V, 363 
Star anise leaf oil, V, 376 
Star anise oil, IV, 563, 568; V, 361 
—adulteration, V, $70 
—chemical composition, V, 878 
—local trading and export, V, 870 
—physicochemical properties, V, 867 
—use, V, 876 
—yield, V, 866 
Japanese, V, 878 
Starch in essential oil 
Stationary extractors, 
Steam—methods of su verheating I, 187 
—moisture content (in distillation), I, 152 
Steam boilers, I, 140 ff 
Steam channeling i in distillation, I, 150, 161 
Steam coils in stills, I, 125 
Steam consumption in distillation, I, 159 ff 
Steam distillation, see Distillation Distilla- 
at of plants, Distillation of essential 


aren 


Steam pressure in stills, I, 121 

Steam traps, I, 125 ff 

Stearaldehyde ‘(octadecanal; n-octadecy] al- 
dehyde; stearic aldehyde), II, 318; IV, 
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Stearic acid (n-octadecanoic acid; n-octade- 
lic acid), II, 318, ae 579, 580, 581; 
III, 126, 213, 366; VI, 34 , 170, 189, 237 
Stearic aldehyde, = Stearald Idehyde 
Stearoptene, V, 21, 22, 23, 26, 29, 32, 45 
Stearoptene in rose oils, IL, 327 
Stearoptenes, I, 7, 41 
) alcohol, VI, 190 
Steinhager, VI, ” 374 
Sternanisél, V, 361 
Steroids, I, 20 
Sterols, Y, 03 III, 126 
Stilbene, V 318 
Stillman-Reed Pa hod I, 287 
Still tops, I, 127 
Stills—charging, I, Ber gy 132, 144 ff, 149 
~—construction, I 148 
—description, 193 
—discharging, I, 130 
ids, I, 127 
—ingulation, I, 131 
—pressure differential i in, I, 165 
—steam coils, I, 125 
—temperature, L, 122 
—trays and baskets, I, 128 ff 
dual-purpose Diag.}, I, 184 
experimental (Diag. ), I, 158, 160 
tilting, I, 130 
Stills for vacuum distillation, I, 182 ff, 211 
Storage of essential oils, I, 41, 232 ff ff, 377 ff; 
(sugg. add. Lit.), I, 349 
Storage of plant material, I, 77, 108 
Storax, see Styrax 
Storesin, V, 246 
Stripper oil, III, 47, 67 
Strychnine, IT : I, 794 
Styphnates— tee Pi es. 180 II, 788 
Styphnic aci 
Styracine, see 'Cinnamyl cinnamate 
Styrax, American, V, 249 
—chemical composition, V, 246, 254 
—physicochemical properties, V, 258 
—use, V, 26 
Asiatic, see Styrax, Levant 
Guatemala, V, 249 
Honduras V, 261 
Levant, V, 248 
—chemical composition, V, 246 
a aaa properties H crude) ; 


—physicochemieal properties (purified), 


—use, 4 264 
Styrax oil, V, £48 
American, V, 253 
—use, 264 
Asiatic, see  Styrax oil, Levant 
Levant, ee 


Styrene | (ineetaylene : sro on oar 
ae 268 eT 14, 730; V 
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Styrene—b.p. (Table), I, 388 
—distillation, I, 160 

Styrene dibromide, II, 781 

Styrocamphene, V, 247, 248 

Styrol, see Styrene 

Styrolene, see Styrene 

Styrolyl acetate, V, 356 

Styrone, see Cinnamy] alcohol 

Substituted acetohydrazides, ITI, 815 

N-Substituted benzylamides, Il, 830, 832 

Substituted hydrazine, IT, 811, 813 

a-Substituted-s-na hthocinchoninic acids— 

bet paration, II, 807 
ga ee phenacyl esters—preparation, 


Substifuted semicarbazide, II, 811, 818, 819 

Paes semicarbazones—preparation, 

5-Substituted semioxamazides, II, 811 

eee (ethane-1,2-dicarboxylic acid), 
92 


Succinic acid esters, II, 792 

Succunarippul, IV, 1 

Succus junipert, V "376 

‘Sudden death,” IV, 398, 401, 410, 415 

Suginene, VI, 315 

Sugi oil, VI, $12 

Sulfatase, VI, 58 

Sulfates, II, 797 

Sulfides Il, 729, 833 

Sulfite (neutral) mae Bs I, 283 

Sulfonamides, II, 7 

Sulfonates, II, 797 

Sulfonation, Il, 787 

Sulfones, II, 730 

Sulfonic acids, II, 730, 797 

Sulfonyl chloride, II, 788, 823 

Sulfora nee VI, 62 

Sulfur, IJ 

Sulfur-containing com 

Sulfuric acid esters, IT, 

Sumatra camphor, V, 262 

Sumbul ekelti, IV, 665 

Sumbul ekleti, IV, 665 

Sumbulene, II, 97, 778; IV, 666 

Sumbul ttalicus, IV, 

Sumbul oil, IV, 666 

Sunlight effect on essential oils in plants, I, 
69 


Superheated steam, see hg ar ae 
pupernenten steam, and Distillation of 
plants 

Surovo maslo, V, 13 

Sweet birch oil, see Birch (sweet) oil 

Sweet flag, VI, "109 

Sweet orange oil, see Orange (sweet) oil 

Sylvestrene, I, 26; IT, 32, 49, 778, 779, 782; 


dl-Sylvestrene (carvestrene), II, $2 

Sylvestrene dihydrochloride, Il, 51, 52 

eye ao I, 229 ff; (sugg. add. 
ey 363 

—b.p. able), I, 379 ff 


uns, II, 719 
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4-terpinenol; terpinenol-[4]; A!-terpine- 
nol-4), II, 65, 196, 198, 202; III, 502, 
524, 756; IV, 282, 304, 309, 465, 506, 
531, 533, 535; V, 77, 78, 100, 154; VI, 
251, 336, 338, 340, 341, 350, 380 

Terpinenols, II, 34, 196 

1-Terpinen-4-yl acetate, V, 100 

1-Terpinen-4-yl formate, V, 100 

Terpineol, II, 20, 25, 34, 55, 169, 187, 201, 
625, 776, 782, 784, 792, 802; IV, 135, 
142, 186, 293, 319, 320, 327, 449, 486, 
506, 507, 511, 600, 701; V, 78, 227, 356, 
458; VI, 27, 31, 250, 251, 278, 343, 350 

—b.p. (Table), I, 337 

a-Terpineol (1-p-menthen-8-ol; 1-methyl-4- 
isopropyl-l-cyclohexen-8-ol), IJ, 187, 
188, 626; III, 105, 117, 126, 156, 173, 
185, 188, 191, 194, 200, 201, 213, 226, 
241, 243, 256, 273, 274, 284, 324, 325, 
327, 329, 418 427, 429, 501, 502, 511, 
516, 518, 524, 743; IV, 42, 43, 205, 290, 
297, 302, 303, 304, 309, 340, 456, 458, 
467, 505, 510, 534, 535, 536, 539, 547, 
652, 706; V, 77, 98, 100, 231, 263, 310, 
335, 374, 487; VI, 39, 74, 146, 213, 205, 
298, 317, 336, 338, 344, 345 

—b.p. (Table), 1, 399 

B-Terpineol [8(9)-p-menthen-1-ol; 1-methyl- 
4-isopropenylcyclohexan-1l-ol], II, 187, 
198; VI, 299 

+-Terpineol [4(8)-p-menthen-1-ol; 1-methyl- 
4-isopropylidenecyclohexan-1-o]], IT, 
187, 195, 196; IV, 235; VI, 341 

Terpineols, I, 23, 57, 62 ff; II, 20, 25, 34 

cis-Terpin hydrate, 1, 25, 28, 34, 169, 173, 
176, 187, 189, 201, 776, 792; IV, 319; 
V, 98, 143; Vi, 278 

Terpinolene [1,4(8)-p-menthadiene; 1-meth- 
yl-4-isopropylidene-1-cyclohexene}], I, 
26, 57; II, 20, 24, 30, 191, 195, 775, 780, 
787; III, 156, 172, 423; IV, 360, 534, 
a vd 209, 277, 289, 205, 296, 297, 


Terpins, II, 200 
Terpinyl acetate, II, 626; III, 118, 194, 226, 
502; IV, 319, 508; V, 98, 458; VI, 216, 
8 


—as adulterant, I, 336 ff 
—b.p. (Table), I, 337 
Terpiny] cinnamate, VI, 74 
Terpinyl formate, II, 625 
Terpiny] valerate, IV, 539 
Tetrabromides—preparation, II, 780 
1,2,4,8-Tetrabromo-p-menthane, II, 30 
Tetrachlorophthalic anhydride, II, 796 
n-Tetradecanoic acid, see Myristic acid 
n-Tetradecyclic acid, see Myristic acid 
Tetrahydroalantolactone, II, 692 
Tetrahydroartemisia ketone, I, 26 ff 
A?-Tetrahydro-n-butylidene phthalide, see 
Sedanonic anhydride 
A*-Tetrahydro-n-butyl phthalide, see Se- 
danolide 


Google 
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trans-Tetrahydrocadinene, V, 219 

Tetrahydrocalamene, II, 112 

Tetrahydrocarveol, see Carvomenthol 

Tetrahydrocarvone, see Carvomenthone 

Tetrahydrocostus lactone, II, 767 

Tetrahydrocumaldehyde, see Phellandral 

Tetrahydrocuminaldehyde, see Phellandral 

Tetrahydrocuminylamine, II, 46 

4,5,6,7-Tetrahydro-3,6-dimethylbensofuran, 
see Menthofuran 

Tetrahydrofeniculin, II, 513 

Tetrahydroirone, II, 467; VI, 108 

Petra yore a cp-macthy acetophenone, IV, 
187, 1 

Tetrahydro-A*-p-toluic aldehyde, V, 226 

1,2,3,6-Tetramethoxy-4-allylbensene, see Al- 
lyltetramethoxybenzene 

Tetramethoxybenzoic acid, II, 541 

Tetraterpenes, I, 20 ff, 39 

Teucrium marum, III, 578 

Thanite, VI, 278 

Thatcher, J., I, 10 

Thé du Canada, VI, 3 

Thérébenthine d’ Alsace, VI, 224 

Thérébenthine des Vosges, VI, 224 

Thermometer—correction and calibration, 


: ff 

Thiele-Dennis apparatus, I, 256 

Thioalcohols, II, 729 

Thiocyanate, VI, 62 

Thiocyanic acid, VI, 71 

p-Thiocyanophenylhydrazine hydrochlo- 

ride, 1 

Thioether, II, 729, 730 

Thioglucosidase VI, 58 

Thioglucosides, VI, 58 

Thiol compounds, II, 790 

Thiophene test, I, 312 

Thiosemicarbazide, II, 819 

Oe Ruan pasta oes rme nn OneD II, 
19 


Thiosemicarbazones—preparation, II, 819 
Thiosinamine, II, 735 
Thiourethanes—preparation, II, 738 
d-o-Thujadicarboxylic acid, 11, 75, 428 
d-8-Thujadicarboxylic acid, II, 75 
Thujaketonic acid, II, 75, 427 

bie Sr (sabinane), I, 30; II, 58; III, 


1 
Thuja occidentalis, VI, 203, $86, 353, 364 
Thuja oil, VI, 326 
—adulteration, VI, $88 
—chemical somos VI, $28 
—distillation, VI, 325 
—physicochemical properties, VI, $27 
—use, VI, 329 
—wood oil, VI, 329 
—yield, VI, 826 
pee plicata, VI, 381, 346 
e-Thujaplicin, VI, 331, 346 
6-Thujaplicin, VI, 331, 346 
y-Thujaplicin, V1, 331, 346 
Thujene, I, 57; II, 34, 774 
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ae Par (o oer att pas IT, * iP 202, 249, 
250, 746; IV, 304, 312, 

465, 476, 534; VI, B10 

8-Thujene, i, 53, 76 

Thujone (3-keto-sabinane), II, » 423; 
III, 548, 549, 715; V. 474, iso” 483, 
484, 490, 491, 493, 464, 496; VI, 209 
238. 328° 


a-Thujone, U, 9, 250; III, 715, 716; V, 
494; VI, 189, 328 
p-Thujone, In, 693, 694, 716; V, 484, 494; 


V 
—b.p. (Table), I 

Thujone series, Ir, 248 

a rad Geile var. hondai, VI, 323, 


Thujyl acetate, V, 493, 495 
Thu)yl alcohol (tanacety] alcohol), II, 248, 
426, 794; IV, 81; V, 484, 490, 493, 494, 
495, 496. 
Thujyl isovalerate, V, 495 
Thu)yl palmitate, V, ‘495 
d-Thumbelen, IT, 747 
Thyme camphor, see Thymol 
Thyme lemon oil, III, 768; VI, 37 
Thymene, I, 1, 17, 40, 40, 41; III, 539, 746, 750, 
552 
Thyme. mh tir, 530, 532, 535, 541, 744 
—chemical composition, Ill, 7166 
—phenol in 
Moroccan, til, 761 
white, III 751 
Thyme (wild) oil, 761 
eoymee ohydroquinone (2-methy]-5-isopropy]! 
4-hydroquinone; thymoquinol), L 
55S, 554; ITI, 528, 531, 533; IV, 643 
Thymohydroquinone dimethyl ether, V, 428 
Thymol ee ee -methy!- 
foe Th ae oe, thyme camphor), I, 
19, 82: II, 17, 399 416, 417, 499, 500, 
504; II, 424, 425, 428, 429, 433, 434, 
165° 467, 529, 532, 533, 539, 542, 543, 
544, 545, 547, 548, 550, 551, 552, 619, 
620, 688, 743, 744, 745, 746, 750, 755, 
756; 762; IV, 210, 318, 449, 450, 465, 
55 
—b.p. (Table), I 
Thymol methyl pre IIL, Bell 548; IV, 664 
Thymoquinhydrone Ul, 5 
Thymoquinol, see rr Gok sdieseiianae 
Thymoquinone eet oe coe Beas Ih 4- 
benzoquinone), II, 501 564; Il I, 


28, 539 
Thymus capitatus, Ai 536, 538, 755 
Thymus cephalotus, I 25 
Thymus hiemalis ti, "368; VI, 37, 38, 39 
Thymus hirtus, IIT 758, J 9; VI, 37 
Thymus loscosst, Ill, 7 
Thymus mastichina, 11 519, 525 
Thymus serpyllum, III, 761 
Thymus virginicus III, 692 
Thymus vulgaris, 111, 538, 744, 762 


Thymus vulgaris var ” capitatus, III, 746 
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Thymus zygis, III, 744 
Thymus zygis var. dab III, 746 
Thymus zygis var. gracilis, ITT, 746 
Tiglic acid (cis-a,6-dimethylacrylic acid; cis- 
a-methylcrotonic acid), II, 5865; "TH, 
436, 469; IV, 703, 727, 733; V, 437 
Tiglic aldehyde, il, 807 
Tilden, W., I, 8 
Tiliaceae oils, V, 419 
Tilia cordata, V, 421 
Tilia platyphyllos, V, 421 
Tilia tomentosa, V, 421 
Tinctures—ethyl alcohol i in, I, 319 ff 
Tiekoer (Raempferia galanga), V, 
jekoer (Kaempferia g 130 
Tohi oil, III, 189 
a-Tolua dehyde, see Phenylacetaldehyde 
Tolu balsam, see Balsam tolu 
Toluene—b.p. (Table), I, 386 
p-Toluene sulfonates, Ul, 797, 824 
p-Toluene sulfonic esters, II, 24 
p-Toluenesulfony] chloride, il, 824 
p-Toluic acid, II, 18, 4 483. 
o-Toluidene—b. Dp. (Table), I 395 
m-Toluidene—b.p. (Table), I, 397 
Jee nraae p. (Table), I, "396 
p-Toluidides, II, 829 
Tolu-resin, V, 222 
Tolu resinoid, V, 224 
Tolu-resinotannol, V, 223 
p-Tolylhydrazine Pee ea II, 813 
p-Tolylmethylearbinol, V 
olyl semicarbazide, Il, 819 
Tomillo, acette esencial de, Ill, 744 
Tomillo aceitunero, III, 746 
Tomillo andaluz III, 747 
Tomillo blanco, III, 519, 525 
Tomillo carrasquefo, Ill, 747 
Tomillo de las olzvas, Ill, 746, 747 
Tomillo limonero, III, 758, 759 
Tomillo negro, III, 746, 747 
Tomiullo sanjuanero, Il, 746 
Tomullo silvestre, aceite ‘esencial de, III, 761 
Toranja, aceite esencial, III, 347 
Torilene, II, 752 
Torilene hydrate, II, 752 
Torreyene, IT, 275 
Torreyol, II, 275, 277; IV, 114 
Totarene, i, 125 (see also Diterpene table) 
Toxaphene, VI, 278 
Toxic effects of ao oils, I, 81 
Tree moss, VI, 179 
Triacontane, III, 366; V, 437, 445; VI, 7, 15 
Trial distillation, I, 156 ff, 316 
2,.4,6-Tribromaniline, II, $30 
Tricosane, IV, 735, 736 
Tricyclene, I, 30; VI 209, 210 
Tricycloekasantalol II, 267 
Tridecan-dicarboxylic a acid, II, 594 
2-Tridecanone, see Methyl n-undecyl ketone 
Tridecylic acid, VI, 94 
5,7,3’ =Tribydrasy-6, 4,5’-trimethoxy iso- 
flavone, 


478 
1,2,6-Trimethoxy-4-allylbensene, see Elemi- 


cin 

2,4,5-Trimethoxybenzaldehyde, see Asaron- 
aldehyde 

Trimethoxybenzoic acid, II, 536 

3,4,5- Trimethoxybenzoic acid, see Tri- 
methylgallic acid 

2,4,6-Trimethoxybenzoylacetone, see Euge- 
none 

Trimethoxygallic aldehyde, IV, 144 

1,2,5-Trimethoxy-4-propenylbenzene, see 


one ; 
1,2, Pegg ene e-proPe ny ensene: II, 


Trimethylamine, VI, 302 

Trimethylammonium acetohydraside chlo- 
ride, II, 815 

3,7, i7-Trimethyl-bieyelo- [2,2 ,2,1]-heptan-3-ol, 


Trimethyl carbinol—b.p. (Table), I, 384 

2,6, ea eed: ,o-cy ohexadien-1-al, see 
rana 

ed et hyley canara 2, p. (Table), I 


iii ea aaa .p. (Table), 


1,1 ‘2-Trimethyl-5-eyclohexanone, II, 467 

1, 6, 5-Trimethyl-6-cyclohexanone, VI, 50 

1, 1, 2-Trimethyl- 5-cy clohexanone-6-car- 

xylic acid, II, 467 
4-[2,6, é- rimethyl-1 '-cyclohexen-1-yl}-3-bu- 
ten-2-one, see 8-Ionone 

4-(2,6 6-Trimethy]-2-cyclohexen-1-y]]-3-bu- 
ten-2-one, see a-lonone 

1,1,3-Trimethy]-4-cyclopentanone, III, 583 

3, 7, 11-Trimethyl-1,6 ,10-dodecatrien-3-ol, 
see Nerolidol 

3,7,11-Trimethyl-1,6,11-dodecatrien-3-o], 
see Nerolidol 

8,7, 11-Trimeth 1-2,6,10-dodecatrien-1-ol, 


ee Far 
3,7, U1-trimethyl2,6, ,6,11-dodecatrien-1-ol, 
see Farneso 
Trimethylgallic acid ae 4,5-trimethoxyben- 
zoic acid), II, 534, 603 
2,5 5-Trimethyl-l, a ante diekous see Ar- 
temisia ketone 
2,5,5-Trimethy]-2,6-heptadien-4-one, see Iso- 
artemisia ketone 
2, §,5-Trimethylheptan-4-one, IT, 387 
12. ,6-Trimethylnaphthalene, IT, 472 
Trimethyl phosphate—b.p. (Table), I, 394 
8,8,y-Irimethyl-pimelic acid, II, 467 
Rey istio (glyceryl myristate), V, 71 
ee IT, 788, 823 
2,4 6-Trinitrobenzoy! chloride, IT, 803 
Trinitrophenol IT, 788, 789 
2,4,6-Trinitrop sayin. II, 813 
Trinitroresorcinol II, 788, 789 
Too I, 738, 739 
Triphen Imethane—b. . (Table), I, 409 
p-( rip) enylmethyl)p enylisocyanate, II, 
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Trisulfide, IV, 572 
Triterpenes, I, 20 ff, 38 ff 
Trotylates, IL, 788, 789 
Tryptophane, L, 19 
Tsauri grass, IV, 142 
Tschugaev method, II, 802 
Tsuga canadensis, VI, 203, 205, 209 
Tsuga douglasi1, VI, 210 
Tsuga heterophylla, VI, 203, 206, 208 
Tuberone, 
Tuberose—botany, V, 343 
—enfleurage, V, 345 
—extraction, V, S44 
Tuberose, concrete and oon V, 348 
—absolute of enfleurage, V, 345 
—absolute of extraction, V, 346 
—chemical composition, V, 347 
——concrete of extraction, V, 846 
—use, V, 348 
Tuberose flower oil, I, 188 ff, 198, 204 
Tulsi plant, III, 432 
Tumerone, see Turmerone 
Turmerol, 'V, 121 
Turmerone (tumerone), I II, ae V, 122 
ar-Turmerone, II, 450; V 
Turpentine, see Fine o eae Turpentine, 
gum spirits of; Turpentine, sulfite; Tur- 
pentine, w 
Turpentine—history, I, 3, 5 ff, 9 
Canada, VI, 213, 232 
gum, see Turpentine, gum spirits of 
gum spirits of, VI, 253 
—chemical composition of commercial, 
VI, 277 
—chemicals from, VI, 278 
—from individual pine species, VI, 279, 
(Tables), 280 ff 
sa eae and producing regions, VI, 


I aaa properties (Table), VI, 


—production (Tables), ee 266, 268 
—reforestation, VI, 
—turpentine orchards, ‘VI, 261 
—use, VI, 277 
Oregon, oil, VI, 212 
spruce, see ‘Turpentine sulfite 
steam-distilled, see ntine, 
steam-distilled 
steam-distilled wood, see Turpentine, 
wood, steam-distilled 
Strassburg, VI, 224 
sulfate, see Turpentine, wood, sulfate 
sulfate ‘wood, see Turpentine, wood, sulfate 
sulfite, VI, 254, 807 
wood, D.D., see Turpentine, wood, de- 
structively-distilled 
destructively-distilled, VI, 254, 290, 308 
—chemical composition, VI, $06 
Serene its VI, 306 
—physicochemica roperties, VI, 
Rees VI, bos 


—use, VI, 


wood, 
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Turpentine, wood, 8.D., see Turpentine, 
wood, steam-distilled 
steam-distilled, VI, 254, 290 
—chemical composition, VI, 396 
—history, VI, 290 
—other volatile compounds from, 
6 [894 


—physicochemical properties, VI, 
—production (Table), VI, 291, 292 
—use, VI, 296 

—yield, VI, 294 


sulfate, VI, 254, 290, 299 
—chemical composition, VI, 301 
= phy coeneneal properties, VI, 
02 
—production (Table), VI, $00 
—purification of crude, VI, 801 
—use, VI, 303 
purpentins oil, see Turpentine, gum spirits 
Oo 
Turpentine oil as adulterant, I, 337 
Turpentines, American, VI, 253. See also 
subdivisions of Turpentine 


Two-phase liquids, see Heterogeneous 
liquids 


Umbelliferae oils, lV, 549 

Umbelliferone (7-hydro coumarin), IT, 659, 
666, 677; III, 188; IV, 571 

Umbelliferone farnesy] ether, see Umbelli- 


prenin 
ie had ether, II, 673; III, 


1 

Umbelliferone methyl ether (ayapanin; 
herniarin; 7-methoxycoumarin; methyl- 
umbelliferone), II, 659, 667; III, 188, 
384, 469, 471; V, 445 

Umbelliprenin (umbelliferone farnesy] 
ether), II, 676; IV, 562 

Umbellularta californica, IV, 204, 207, 378 

Umbellularic acid, II, 440, 441 (339 

Umbellulone, IT, 440, 819; IV, 209; VI, 338, 

Umbellulonic acid, II, 441 

Uncineol, II, 765 

n-Undecane, II, 7; VI, 281, 283, 285 

Undecanoic acid, see n-Undecylic acid 

Undecan-2-ol, see 2-Hendecanol 

2-Undecanone, see Methyl n-nonyl ketone 

4-Undecanone, IV, 150 

1-Undecene-l-carboxylic acid, II, 325, 326 

1-Undecen-10-ol, see 10-Hendecen-2-ol 

n-4-Undecen-3-ol, IV, 668 

Undecy] alcohols, secondary, ITI, 156 

Undecylenic acid, VI, 325 

n-Undecylic acid (hendecanoic acid; undec- 
noic acid), II, 379, 576; VI, 94 

Undecyl methyl ketone, see Methyl n-unde- 
cyl ketone 

Ureas, II, 798 

Urena lobata var. sinuata, III, 561 

Urethanes—preparation, II, 798, 800 

Usadhana, IV, 151 

Use of essential oils, I, 371 ff 
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Usnea, bearded, VI, 179 
Usnea barbata, VI, 179 
Usneaceae oils, VI, 177 
Usnea ceratina, VI, 185 
d-Usnic acid, VI, 184, 187 


Vacuum stills, I, 183 ff, 210 ff 
Vaidigavat, IV, 151 
n-Valeraldehyde (valeric aldehyde), II, 146, 
305, 310; III, 463; IV, 202, 435, 464 
484, 508, 513, 539, 547; V, 425; VI, 31 
Valerian—cultivation, VI, 28 
—distillation, VI, 25 
Valeriana celtica, IV, 665 
Valeriana officinalis, VI, 28 
Valeriana officinalis var. angustifolia, VI, 28 
Valeriana officinalis var. latifolia, VI, 26, 88 
Valeriana wallichit, VI, 88 
Valerianaceae oils, VI, 21 
Valerian oil, VI, 28 
—chemical composition, VI, 27 
—physicochemical properties, VI, 26 
—use, 8 
—yield, VI, 26 
Indian, VI, 38 
Japanese, VI, 28 
Valeric acid, II, 146, 375, 550, 564, 572; III, 
384, 436, 468, 469, 529, 681; IV, 146, 
703; V, 309, 470; VI, 140, 336 
—b.p. (Table), I, 393 
Valeric aldehyde, see n-Valeraldehyde 
MEGTOP wenOne ¢-car pony acid, II, 609, 


l 
Vanilla beans, I, 111 
Vanillin (4-hydroxy-3-methox benzalde- 
hyde; protocatechualdehyde-3-methyl 
ether), I, 42, 82; II, 361, 363, 523, 807; 
III, 384; IV, 235, 318, 425, 428, 435; V, 
56,218, 222, 247, 249, 254; VI, 72, 


1 
—b.p. (Table), I, 406 

Vanillin clove oil, IV, 41 

Vanillin methyl] ether, see Methylvanillin 

Vapor pressure, partial, I, 92, 100 ff 

Veddigavat, IV, 151 

Veilchenwurzelél, VI, 79 

Veratraldehyde, see Methylvanillin 

Veratric acid (3,4-dimethoxybenszoic acid), 
IT, 519, 520, 602 

Verbanone, II, 445 

Verbena, concrete and absolute, VI, 40 

Verbena, lemon, VI, 37 

Verbenaceae oils, VI, 35 

ashi de Espafia, acette esencial de, III, 
7. 


Verbena officinalis, VI, 37 

Verbena oil, VI, 87 

Verbena oil, Spanish, III, 758; VI, 37 

Verbena triphylla, I, 71; III, 758; VI, 37 

Verbenol, II, 236, 444, 445; IV, 355, 356 

Verbenone, I, 63; II, 236, 237, 444, $10; III, 
759; IV, 355, 356, 487; VI, 39 

Verdazulene, II, 128 
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ata lemons and lemon oils, ITI, 90, 93, 


Verticiltium (sp.), III, 590, 605 

Verveine d’ Espagne, essence de, III, 758 
Verveines des tisanes, VI, 37 

Vetivalene, II, 457 

Vetivazulene, I, 34; II, 128, 129, 131, 134, 


457 

Vetivene, II, 124, 776; IV, 171 
Vetivenic acid, IV, oe 
Vetivenol acetate, I 
Vetivenols Guiveccl). 1 II, 281; IV, 170, 174 
Vetivenyl vetivenate, IV, ‘171 
Vetiver, Java, IV, 159 
Vetiver, Réunion, IV, 165 
Vetiveral, II, 282 
Vetiverta zizanioides, 1V, 156 
Vetiver oil, IV, 156 

—chemical composition, IV, 170 

SS a I, 153, 159 

—use, IV, 1 

Brazil, IV. 1 "6 

Dominica, IV, 174 

European —distilled, IV, 168 

Haiti, IV, 171 

Honduras, IV, 174 

India, IV, 178 

Java, IV, 158 

Réunion, IV, 164 
Vetiverol, iI, 281 
Vetiverol acetate, II, 282 
Vetiverols, see Vetivenols 
Vetiverone, see Vetivone 
Vetiveryl acetate, IV, 174 
Vetivone (vetiverone), I, 33; II, 129, 454; 


0 
Villanova, A. de, I 
Vinci pellatrice, iit, 3 23 
Vinci sfumatrice, III, 18, 28 
Vinyl acetonitrile, see Allyl cyanide 
Vinylbenzene, see Styrene 
Violaceae oils, V, 389 
Viola odorata, V, 391 
Viola-xanthin, UI, 174 
Violet, concrete and absolute, V, 391 
Parma, V, 391, 394, 395 
Victoria, V, 392, 393, 395, 396 
Violet flower oil, I, 188 
Violet flower oil—chemical composition, V, 
894 
Violet flowers, concrete and absolute, V, 393 
Violet leaf, concrete and absolute, V, 896 
“Violet leaf alcohol,’’ see 2, 6-Nonadien-1-ol 
‘Violet leaf aldehyde,” see 2. 6-Nonadien-1-al 
Violet leaf oil, V, 397 
Vita camphor (trans-oxo-camphor), IV, 316 
Vitamins A, E, K, I, 37, 41 
ee solvents, see Extraction of flower 
0 


Wacholderbeeral, VI, 370 


Wasserfencheldl IV 666 
Water—b.p. (Zable), I, 385 
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Water distillation, see Distillation and Dis- 
tillation of plants 
Water in ental oils, I, 252 ff, 323 ff; (sugg. 
add. Lit.), 1, 362 
Water fennel oil, IV, 666 
Water /oil ratio in distillation, I, 96, 153, 164 
Water and oil ements I, 137 ff 
Water seals in retorts, I 
Water and steam distillation, see Distillation 
of plants, 
Wave-length absorption, II, 772 
Wax alcohols, I, 42 
Waxes—removal from essential oils, I, 222 
Waxes in citrus oils, ITI, 
Wetrauchél, 1V, 35 2 
Weisstanne, VI, 224 
Wermutél, V, 487 
White _ IV, 439, 458 
White ironbark, IV, ” 468 
White top, IV, 463 
Wiegleb, J. C., I, 7 
Wintergreen—botany, VI, 3 
—distillation, VI, 4 
Wintergreen oil, VI, 8, 11, 14, 15 
—adulteration, I, 331 ff’; vi, 6 
—chemical composition, VI, 3 
—history, I, 
—physicochemical properties, VI, 5 
—use, 
Winter riindl, VI, 8 
Witch hazel oil, V, 255 
Wistaria, concrete and absolute, V, 240 
Wistaria senensis, 


240 
blo material—distillation, I, 145, 147, 


Wood. vil, V, 259 
Woodwaxen, V, 239 
Wormseed, Levant, V, 485 
oil, V, 485 
Wormseed oil, American, see Chenopodium 


Oo 

Wormwood—botany, V, 487 
—distillation, V, 489 

Wormwood, Roman, V, 487 

Wormwood oil, V, 487 
—chemical composition, V; 494 
—physicochemical properties, V , 490 
—use, 

Wurmsamendél, amertkanisches, VI, 151 


Xanthates—preparation, II, 802 

Xanthic esters—preparation, II, 802 

Xanthogenates—pre aan Tl, 802 

Xanthophyll, I, 39; TTL, 3 

Xanthophyll-epoxide, iit nm 

Xanthotoxin (8-methoxyfurano-2’, 3’,6,7- 
coumarin; 8-methoxypsoralene), II, 
660, 679; [ll 384; IV, 562 

Xanthotoxol (8- hydroxyfurano-2’ 3',6,7- 
coumarin; 8-hydroxypsoralene), tl, 678; ; 
IV, 562 

Xanthotoxol isoamylene ether, see Impera- 
torin 
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Xanthoxylin, see Phloracetophenone di- 
methyl] ether 

Xanthorylum piperitum, IIT, 376 

p-Xenylhydrazine, II, 813 

p-Xenylisocyanate, II, 799, 825 

p-Xenyl semicarbazide, II, 820 

o-Xylene—b.p. (Table), I 388 
m-Xylene—b.p. (Table le), 1, 388 

giylene >. .p. (Table), I, 388 

ylenol, VI, 19 


Yarrow oil, V, 472 
Yerbabuena, aceite esencial de, III, 676 
ae ylang—botany, V, 278 
istillation, V, 281, 289, 808 
Bieri cultivating, and harvesting, 
303 


Ylang ‘ylang, concrete and absolute, V, 312 
—use, V, 31 
Ylang ylang flower oil, I, 147 
Ylang ylang oil, V, 267, 276 
—chemical composition, V, 808 
—physicochemical properties, V, 295, 304, 
307 


—use, V, 316 

en a V, 307 

Nossi-Bé, Madagascar, Comoro Islands, 
Vv, 279 
—adulteration, V, 801 
—physicochemical properties, V, 295 
—quality, V, 298 
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Ylang oil, Nossi-Bé, Madagascar 
Oats Islands—total production, V, 


800 
—yield, V, 293 
Philippines, V, 805 
ysicochentical properties, V, 307 
Réunion Island, V, 3 
eh yaesheuieal properties, V, 304 
terpemat ts Mi 802 
Yesopél, III, 
Yu-sho, IV, 230, 281, 301, 304, 320, 321, 326, 


Zanahoria, aceite esencial, IV, 585 

Zdravetz oil, IV, 734, 737; V, 28 

Zedoary oil, V, 126 

Zimi6l, Ceylon, IV, 213 

Zingiberene Ul, Bi, 87, 261, 776, 778, 782, 
784; ILI, 763; V , 116, 117, 122, 126 

—b.p. (Table), I, 406 

Zingerone (1- (hy droxy-3-methorypheny!- 
3-butanone), V oe 119, 120 

Zingiberaceae oils, V 

Zingiberene ee II, 262 


Zingiber mioga, Ai 


Zingiber nigrum, 05 
Zingiber officinale, V, 106, 127 
Zingiberol, II, 261; iv, 118 
Zitwerwurzelél, V 


cone machine or badpsesang of citrus oils, 
Zygophyllaceae oils, V, 195 
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